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ABSTRACT

One of tﬁe major systems in NASA'S Mission Control Center = Houston
is the Display/Control System. This computer~based system provides
displays and control capability for over sixty consoles manned by Flight
Controllers. All of the control inputs and display requests originating
at these consoles, plus automatically generated equipment status reports,
are logged on magnetic tape as they enter the computer. In addition,
all of the display and other outputs from the computer are similarly
logged. After pre-processing, the logged data can be used to perform
various analyses of loading and performance for the display system, such
as the distribution of various types of.requests and their interarrival
‘times, the degree to which the shar@d display~generation equipment is
saturated by deﬁand, the évailability,of this equipment as determined by
malfungtions, ;he distribution of response times of the computer to dis-
play requests, and the utilization of available display formats by the
- various console operators.

Data Reduction and Analysis Program (DRAP) is a software package
which performs such analyses, using pre-processed 1oéged data as input.
The algorithms and gross specifications for six component modules of
DRAP are presented. 1In a report to be published later, the results of
applying DRAP are presented. In a report to be published later, the
results of applying DRAP to the logged data from five GEMINI and one

APOLLO mission will be presented.
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SECTION I

INTRODUCTION

The MITRE Corporation began technical support activities for NASA's
Manned Spacecraft Center (MSC) iﬁ Houston, in January, 1966. Out of the
initial work (a four-month study) came a number of techniques (referred
to hereafter as "analyses') for analyzing the employment (by Flight
Controllers) and the performance of that part of the Mission Control Cen-
ter - Houston tMCC-H) known as the Display/Contfol System (D/C System).
These analyses were essentially techniques for analyzing certain data
automatically recorded during each mission (or simulated mission) con-
troiled at MCC-H, so as to produce summary data and quantities (time
histories, statistical descriptions, average values, maximum/minimum
-values, etc.) descriptive of D/C Systeﬁ performanée and employment. The
quantities produced by these analyses thus have the nature of measures
of performance in some cases; in other cases, they may be viewed as
components of performance measures. In some cases the results are mea-
sures of utilization (of system resources) during a mission. 1In each
. case, the analyses define quantities of interest, and tell how these ﬁay
»be computed from the automatically recorded data,

The nature of the analyses was heavily dependeﬁt on the nature of
available data to be used as a starting point, This data, known as
“"log data", consisted of all inputs to, and outputs from, the computer
which interfaced with the D/C System. As each input arrived at the
computer, it was automatically logged, together with the time, on a
log tape, and likewise for the outputs from the computer. The result
was a number of reels (20 to 45 for the later GEMINI missions) of

v

magnetic tape, containing, essentially, raw data; no attempt was made



during the logging process to sort the data in any way other than‘by
time of occurrence. At the time of iﬁitial development of the analyses
(some of the results of applying these to. the GEMINI - VIII mission are
reported in MIR-1202, Volume 1IV) there was in existence a Philco pro-
gram called DRIP which could be used to pre-process the log data so that
only the desired pileces of data were interpreted and prihted out in a
report. It was by manual procedures (including use of desk calculators)
that the original analyses were done, using stacks of DRIP printout as

a starting point,

Because of the tedious and time-~consuming nature of the manually~-
done analyses, it seemed desirable to automate (computerize) the process.
The first step was to describe precisely the steps and calculations in-
volved in each analysis, including the type of pre~-processed (DRIP)
data needed as input to the analysis, and the types of summary quan-
tities produces as outputs of the analysis. 1In addition to this Yalgo~
rithmetization" of each analysis, various practical constraints related
to bounds on numbers to be computed and amount of storage requiréd, had
to be considered before specifying a program to do the analysis., The
resulting document in each case, although titled an "algorithm", was
not limited to computational algoritbms. Indeed, most of the computa-
tions are simple arithmetic ones such as addition, division, etc., Neither
was the document a complete program specification, in the usual sense,
although it contained elements of a program specification.

Six of these "algorithms" have been produced to date, each one in=-
tended to serve as the starting point for a computer‘program, or program
module. The programming of these modules has been done by Philco per-

sonnel, and the resulting package of programs is known as DRAP (Data



Reduction and Analysis Program). The purpose of this document is to
collect, in one place, all of the MITRE~-produced algorithms for DRAP
modules 1 through 6. These vary somewhat in level of detail; this is
partly accounted for by the fact that many detailed techniques and
protedures were worked out and agreed to verbally between Philco and
MITRE personnel.

A document subsequent to this one is planned, in which results of
running DRAP against data from four GEMINI and one APOLLO missions will
be given. Some of these results (for DRAP 1 and 2) have already been

reported in MIR-1204,

NOTE: Although compiled in one document, the six algorithms presented
here were developed at different times and thus each section of this
report stands alone. There is no cross=referencing between sections of
tables, figures or information, Thus, tables and figures in each section
are numbered consecutively starting with Arabic numeral 1. A reference
in the text to Figure 1, simply means the first figure within the section
where the reference appears.. Considerable production time an& effort has
been saved by not changing the numbering scheme. It is hoped that the

reader will not find this a serious deterrent to reading and comprehension.



SECTION II

ALGORITHM FOR RED/AMBER ANALYSIS

1, Required DRIP Input
The DRIP Report 8 is to yield ON and OFF times (GMT) for two selected
bits (event lights), e.g., set address 0600, bits 12 (AMBER condition)
and 13 (RED condition):
AMBER data
log tapes —! DRIP |-
RED data
one pass
2. Operation of DRAP Routines
Each of the two sets of data is to be operated upon by the same DRAP
routines to yield two sets of summary data: AMBER summary data and
RED summary data. In addition, other DRAP routines will operate on
both RED and AMBER summary data to produce RED/AMBER summary data.
AMBER
AMBER data summary data
DRAP DRAP RED/AMBER
routines routines summary data
RED data RED ‘
gummary data

parameter specifications

All summary data will be printed out, along with some of the parameters
specified and header information. %Parameter specifications are input to
DRAP along with the AMBER data and RED data. Since the DRAP routines

operate in identical fashion on the AMBER data and RED data, the



algorithms'for this part of the analysis will be déscribed once,

in Section 3, along with the pertinent parameter specifications.

‘The algorithms and parameter specifications for those DRAP routines
'which operate on RED summary data and AMBER summary data are described

in Section 4. A suggested DRAP report format is given in Section 5.

Algorithms for Producing RED (or AMBER) Summary Data

These algorithms produce RED summary data (or AMBER summary data)
of two types: time history data (algorithms described in 3.1) and
statistical distribution data (algorithms described in 3.2).

3.1 Time History Summary Data

The object is to produce calculated quantities for each of a
number of contiguous time infervals, so that the quantities
can be plotted versus time interval to yield time histories.
3.1.1 Inﬁut Parameters
Input parameters which must be specified for these calculations
are:
(1) GMIg, the time dﬁring the mission at which the analysié
is to start, and GMTf,‘a mission time before which the
analysis is to finish. Most, but nof all, ON and OFF times
between these limits are used in the calculations.
(2) T, the duration in seconds of each time interval. T may
vary from 60 to 24,000 seconds.
3.1.2 Set-Up Calculations and Designations
(1) Set up two storage areas for storing two types of durationms.
In one of these, the '"distribution bin", are stored all

Ycomplete" durations, irrcspective of which time interval



they fall in (see below); the contents of this bin serve

as data for the calculations of Section 3.2. In the other,
the "interval bfn", are stored all durations associated with
a given interval, The interval associated with this latter
bin changes as the analysis proceeds through the various
time intervals.

(2) GMTg and ty, the start of the first time interval, are syn=-
onymous insofar as relating analysis time to mission time.
However, the value assumed for tj in the analysis is zero.
Hence all calculated and printed-out values of t are rela-
tive values (relative to GMTg), and must be added to GMTg
if one wishes to obtain GMT mission times. The first inter-
val will be referred to as Ty, the second as T, etc.

(3) cCalculate ty =t + T, the end of the first interval Tj and
the beginning of the second interval T,. Note tp will equal
T.

(4) Continue calculating the break points between intervals,

"using £y = tj.1 4+ T or ti= (i-1)T. Continue until a
ty z GMT¢ results; the value of i when this happens is M2,
where N is the number of intervals (N is to be printed out).
Thus ty is the start, and ty,; the end, of the last (or Nth)
interval to be used in the analysis. This last interval will
usually not extend as far a; the mission fime GMT¢ specified
in 3.1.1, and the data between ty;; and GMIg (denoted by‘X

below) is not to be used.
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3.1.3 Calculation of Durations

The ON durations of the light (or *true" durations of the
associated bit) are to be calculated by subtracting each OFF
time topp from the preceding ON time, tgy, thus producing an ON
duration Ty, in seconds. These ON durations are to be calculated
for each time interval Tj, i = 1, 2, ~-~, N. These individual
dur;tions are stored in the interval bin.

The durations associated with each interval are counted to
obtain C? the number of durations in that interval, and are
summed to obtain D, the total ON time in that interval. The
numbers Cj and D; associated with the ith‘interval are printed
out, along with i and tj.

As long as all durations fall completely within an inter~
val, the above procedure is straightforward. Such durations are
stored in the interval bin; in addition, they, and all others

- which represent total true durations, will be called ''complete"
durations and are stored in the distribution bin. When a dura-~
tion overlaps two or more intervals, it is necessary to compute
both the "complete'" duration (end-to-end length) and two or more
“gplit" durations (representing the portions of the duration which
lie in different intervals). The situation is shown below for a

‘duration overlapping two intervals.
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The above situation arises when one or more interval boun-

daries (such as tjy41) fall between successive ON and OFF times.

If such boundaries fall between successive OFF and ON times, no

problem arises. A "split procedure" is described below for use

in cases of overlap, with reference to the preceding diagram.

(1) Calculate the first "split" duration Tai by

Tai = ti41 - toy » o
and stofe this in the interval bin for interval i, as well
as in an accumulator,

(2) When all complete durations for T; have been storedAin the
distribution bin, and all complete and all split durations
for T; have been stored in the interval bin, count-and sum
the intervals in the intgrval bin (interval = i) and store
or print the results C; and D;. Increment i to i+l and cal-
culate the second split duration Tgqi4q by

Tai+1l = topr - tit1 »
storing this in the interval bin (now for interval i+l)
and adding it to the contents of the accumulator to obtain

the complete duration Tq = Tgy + Ty;.q. Which is stored in

the distribution bin. Complete the calculations for Ti+1’

including a split duration procedure at the end of this inter-

val, if necessary.



3.2

(3) For durations overlappiﬁg more than two intervals, continue
the above procedure. The last addition to the accumulator
will occur when one reaches an interval containing a tgopp.
For an interval completely'overlapped by a duration, Tay will
have the value ti+1 - t; =T,

When all intervals have been examiqed, the result should be a
set of Cj and Dj which have been printed out from the interval
bin, along with corresponding values of 1 aﬁd . Also, a set
of complete durations Ty will have been accumulated in the dis-
tribution bin, to be used in the calculations of Section 3.2.
Since calculations and comparisons will be done which in-
volve the tj (analysis time, or relaﬁive time, with GMTg as

reference) and tgy, (delivered as GMT mission time by DRIP),

“oFF
some sort of conversion of one or the other types of time will
have to be made. It may be easier to convert the toﬁ and Topp

GMT times to analysis time, by subtracting GMIg from each one,
than to convert the t; to GMT times. Also, thg times printed out
as part of the additionai header information (see Section 5.1)
should be given both in GMT notation and in terms of analysis time.
Note that in all times to be calculated or printed out, the number

of seconds is to be rounded off to the nearest whole second.

Statistical Distribution Summary Data

Using the complete durations stored in the distribution bin, it is
desired to calculate points for a histogram and for a cumulative

distribution of durations.



3.2.1 1Input Parameters

The one input parameter which must be specified for these

calculations is the length of the histogram range, R. Thié

is a number of seconds, which may vary from 1 to 100,

3.2.2 Set-Up Calculations and Designations

The abscissa (horizontal) axis of the histogram will be divided

into n contiguous and equal ranges, each of length R seconds,

as shown below.

duration, in
seconds

R] PR, Bhd=Ry IR, il R0 —R,
] | i {
1 T T | At |
0 ry ry Ty 192 e ro-1
L
——
n ranges .
Rj =R for j =1, 2, ===, n

The number of ranges is determined as follows:

S

(1) From the set of all complete durations stored in the distri-

bution bin, select the largest (if there are two "largest"

durations, use their common value, etc.), and call this

Tdmax' Print out Tdmax'

(2) Compute
Tamax

R

and round this off to the next larger integer.

larger integer is n, the number of ranges.

This next

Print out n,

Calculate the break-points between ranges, i.e., calculate ry,

ry, ---, r, (the first range always starts at 0).

J

10

r. = rj—l + R ='(j)(R): j=1, 2, ===, n.



3.2.3

Calculation of Distribution_Quantities

In order to obtain quantities for a histogram, the durations
in the distribution bin are to be sorted and allotted to the
various ranges. A particular duration Ty is allotted to range

Rj if ¢
rj_l<Td rj .

When the allocation is completed for each range, the durations
in that range are counted,kand this count designated by Cj for
the jth range, (Alternatively, the count could be accumulated
during the allotment procedure.)

Also calculated ig the sum Sp of all durations in the dis-

tribution bin and a count M of the number of these durations,

where
. n
Sp= > T4 and M= cj.
distr. j=1

bin

Also calculated is the mean duration D, where

- Sn
D =-M2-, and the total duration as a percent of

mission time analyzed:

_ 1005y

L NT

Also calculated is p the percent of the durations which fell

in the jth range:

j’

_ 100c
Pj ‘~—3;J—

Single quantities to be printed out are Sy, M, L, and D. A
set of range-dependent quantities cj and Py> accompanied by cor-

responding values of j and ry, are printed out for j =1, 2, ===

11



In order to obtain points for a cummulative distribution

of durations, the quantites

and

F, = 100AK
M

are calculated for k = 1, 2, ---, n. These are printed out with

the corresponding values of k and ry, where rp = (k)(R).

Algorithms for Producing RED/AMBER Sumﬁary»Data

Using the RED summary data and the AMBER summary data produced by
the algorithms of Section 3, it is desired to combine some of these
quantities to obtain RED/AMBER summary data, as described below in

two categories (Sections 4.1 and 4.2).

_4.1 Time History RED/AMBER Summary Data
The object here is the‘same as that of Section 3.1, except the
quantities to be plotted are for both RED and AMBER (logically,
RED or AMBER).
4.1.1 Iﬁput Parameters
These are the same as in Section 3,1.1, hence they will already
be available.
4.1.2 Set-Up Calculations and Designations
One of these (calculation of the ti) will have already been
done, as in Section 3.1.2. Make a further definition as

follows:

12



The set of quantities D. will have been calcu-
lated (Section 3.1.3) for RED, and again for AMBER.
Identify these by biR and DiA’ i=1, 2, -=-=, N.
4.1.3 Calculation of RED/AMBER Durations
Add D;p and Dy, for each value of i, to obtain a set of Diga-
Print out these N numbers, along with their associated values
of 1 and tj.

4.2 Statistical Distribution RED/AMBER Summary Data

The object here is the same as for Section 3.2, except that the
quantities to be plotted are for both RED and AMBER (logically,
RED or AMBER).
4.2.1 Input Parameters
These are the same as in Section 3.2.1, hence they will already
be available.
4.2.2 Set-Up Calculations and Designations
Some of these (calculation of the ry and n) will already
have béen done, as in Section 3.2.2. Make further defini-
tions as follows:
The set of quantities cj will have been calculated
(Section 3.2.3) for RED, and again for AMBER. Call
these ¢iR and ch. Also, n will have been calculated
for RED and for AMBER; call these two values nyp and
ny. In general, ng will not be equal to np; choose
the larger of these for use in the following calcula-

tions and call it npa -

13



Along with each of the two previous values of n there

will have been calculated a set of break-points between

ranges:

[
'—A
-
N
-
1
]
I
=]
7z
[
j=]
[a 1

rjR’ j=
TjA, § = 1, 2, ===, ny.
Use the set of Ty corresponding to the value of n chosen
above (i.e., if nj is larger than ng, choose ngp equal to
n, and use the rjA).
-Also previously calculated (see Section 3.2.3) will be Sp and
M for both RED and AMBER, i.e., Spg, Spa, Mg, and M. Likewise,
quantities PjR and PjA> Ayxgr and Ay, Fry and Fyp will have been
computed.
4.2.3 Calculation of Distribution Quantities '
Compute points for a RED/AMBER histogram by adding cig to
C3iA for each value of j, and call the resulting numbers cjgaA.
Print out the ngp values of CjRA> along with their associated
values of j and ry.

Also compute

Spra = Spr *+ Spa >

Mpa = MRp + Mp ,
Dy = .SDRA
Mpa
Iga = Lgp + Ly »
n
and print out (as a check, note that Sprp should equal EE:DiRA)'
i=]

Also, compute the set of quantities

100 cigaA '
PjRA'_'-WR-K—J——. sj=1s 2, ===, DRA

14



5.

and print out, along with the corresponding values of j and ry.
In order to obtain points for a cumulative distribution

of RED/AMBER durations, the quantities

AkRA = AkR + A 3
Frra = 1&2}?“ ,and
e = () (R)

all for k = 1, 2, ==~ Dpas are computed and printed out, along

with corresponding values of k.

Qutput Format

A suggested DRAP output report format is given below. The blanks are
to be filled with information sﬁpplied as part of the parameter speci-
fications, and with computed summary data.

5.1 BHeader Information

Data Retrieval and Analysis Program (DRAP)

DRAP Module 1 Report - RED/AMBER Analysis

(mission, e.g. GT-8, AS204, etc.) GMTg GMT ¢
Set Address : Lamp Control bits and
RED(bit__) is ___ to __ channels in use.

" AMBER (bit__) is __ to __ channels in use.

(Additional header information to be supplied for each rum,
generally having the following format

GMT Mission Time  Analysis Time
Start of Pre-Launch 1
Start of Agena Launch
Start of Pre~Launch 2
Start of GEMINI Launch
Start of Orbital
Start of Re-~Entry
Splash Down

s

15



5.2 Data Format

[

W N -

Other Event Times

RED Summary Data

T = seconds -
t1 = GMT Tdmax
N =
tl Cl Dl 1
€2 Co Dy 2
t3 C3 D3 3
n
tN CN Dy
Sp = seconds D
M= occurrences L
1l rl Al
2 1'2 A2
n r, Ay

16

R

n

seconds

seconds

seconds

percent



i t,

i

1 t1

2 to

N tN
Spra =
MRA =

AMBER Summary Data

(same as above for RED)

RED/AMBER Summary Data

Dira j r;
Dy 1 r1
D2 2 r2
DRA  TpRA
Dy
seconds ﬁRA =
occurrences LRA’=
k Tk AyRA Fira
2 ro Ao Fy
DRA  Tpra  AnRA FnRA

17

®iRra PirA
c1 P1
c2 P2
CnpA PnRA

seconds

percent



SECTION III

ALGORITHM FOR D/TV OUTAGE ANALYSIS

Required DRIP Input

The DRIP Report 1 (for any console) yields a history of ESW reports
on the status of the D/TV and Reference File channels, each identified

by GMI time of occurrence. Only the ESW's concerning D/TV channels

are to be used.

Operation of DBAP Routines

DRAP routines operate on the D/TV channel status data to produce two

types of summary data: outage statistics on each individual channel;

. and availability statistics (in terms of how many channels are simul-

taneously out and for how long) for the system as a whole. Because

of the nature of ESW reports, it is necessary to compare each one

with the previous one in order to properly interpret them,

The only input parameter which must be specified for DRAP is N, the
number of D/TV channels for which log data is recorded (N = 28 for
missions GT-8 through GT=~11, but may change for future missions). A
block of log tape data will previously have been specified for DRIP
in terms of an "Initial Time" and a "Final Time'; only ESW's between
these times will be examined by DRAP. When the first ESW examined

is anything other than a "NO D/TV CHAN OUT", a special assumption will
have to be made, since no previous ESW is available for comparison;
likewise, certain information in the last ESW examined may have to be

discarded, since no following ESW is available (See Section 6).

18



Interprétation of ESW Data

Table I shows a hypothetical sequence of D/TV ESW's (suitably abbre=-
" viated) as they would appear on DRIP printout. Also shown are inter-
pretations of the ESW's, and the two notations used for designating
time. The table as a whole represents a single continuous sequence
of ESW's, but is divided into two somewhat different parts, for con=

venience in later discussion.

In the first column of the table, the GMT's are mission times as re-
ported by DRIP, These must be converted into ''analysis times" in
seconds, so that -arithmetic operations can be performed on them., It

is permissible to express these times as relafive times {relative to
GMT;) as long as these can be related back to GMI. Printed—out times,
other than GMI's, should‘be-rounded to the nearest second. GMI'y (or ty)
.is the ti@e of the firsf ESW examined, and the start of the analysis;
it must be savéd for use in one of the final calculations at the end
of the analysis; It muét also be printed out, both in GMT and seconds.
The "status time'" notation is purely for convenience in describing the
calculatidns; each status time is equal to one of the analysis times

(the reverse is not true, as for t11).

Note that DRAP, in interpreting a particular ESW, must have the pre-

vious ESW for comparison,

A graphical interpretation of the first part of Table I (through tg)
is shown in Figure 1. The time notation here corresponds to Table I:

the status times are times when the status of an individual channel
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changes, and the analysis times are simply another way of representing

the GMI times-of-occurrence of ESW's. 1In addition, the outage dura-

tions of particular channels are represented by Tij’ where 1 = 1, 2,

~==, N is channel number and j = 1, 2, ===, n; is an index representing
the order of occurrence of outage durations for a given channel (ni is
the total number of outages for the ith channel). Also, the sequence

of conditions C; and condition durations T;x is shown for the system as

a whole; here i = 0, 1, 2, =~-, N is the number of channels simulta-
neously OUT, and k = 1, 2, --~=, K; is an index representing the order
of occurrence of condition durations for a given condition. Since Kj
is the total number of occurrences of Ci, it is expected to be zero for
values of i greater than about 5 ( no more than 3 simultaneous channel
outages have been observed for GI-8, 9, and 10). Likewise, Kg is
likely to be larger than any other Kj. As an example, Figure 1 shows
that two occurrences of the C, condition (2 channels simultaneously
out) occurred in this time frame, their durations were Tpj and Tgjy.
Note that the subscript i-does not have the same meaning or range for

Tij as it does for Tik'

Calculation of Qutage Summary Data

For each channel (that is, for i = 1, 2, =~-, N) the outage durations
Tij are to be calculated, and saved until the end of the analysis,
when they are ordered in increasing value (for each channel) and

printed out, along with corresponding values of i.

Tip = typ -ty (1)
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Ti2 = tig = ti3 (2)
i

3T Bio5 T 8251 (3)
{

Tin; = ti,Zni = ti,2n;-1 (4)

The n; (total number of outages for the ith channel) are to be accum=
ulated or calculated (as by counting the Tij) for each channel, and then
summed to get nr, the total number of outages in all channels; this is
printed out,

N

np= 2> g (5)

i=]

The outage durations are to be summed, for each channel, to give total

outage times Sy,

n.
L
8y = T, . (6)

which are printed out. Also, the S; are summed over all channels to

give ST’ the total system outage time, and this is printed out,

ST = Z Si (7)

To illustrate the use of the foregoing equations, assume that the first
part of Table I (through GMIg) is a complete set of ESW's to be analyzed,

and assume the following values for the GMI's:

GMT; = 01/11/ 00' 00.000

GMIy = 01/11/ 20' 03.200 = tgg
GMT3 = 01/11/ 20' 56.295 = tgy
GMI, = 01/16/ 12' 31.314 = ts
GMTs = 01/16/ 13' 02.156 = ty3
GMT, = 01/16/ 14' 20.512 = tg,
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QM7 = 01/16/ 15' 40.679 = ts,
GMTg = 01/16/ 16' 50.000 = tg,
GMIg = 01/16/ 17' 14.656 = t,

Although GMI's include thousandths of seconds, these are not signi-
ficant in the analysis (although they may be in distinguishing between
one ESW and the next). In the following, calculated times are shown in

both complete form and also rounded to¢ the nearest second (in parentheses).

To continue the example, with reference to Table I and Figure 1, equation

(3) yields Tj; = O except for i = 5, 7, and 8:

151 = tgg = tgy = 03' 9.365 (or 189 seconds)
T71 = typ = tyg = 04' 12,500 - (or 253 seconds)
Tgp = tgy = tgy = 00' 53.095 (or 53 seconds)

Tgy = tgy - tgz = 02' 29.488. ’(or 149 seconds)

Also,

ng = 1, n, = 1, ng = 2,
thps equation (5) yields

nt ='n5 + ny } ng = 4,

Equation (6) yields S§; = O except for i = 5, 7, and 8:

S5 = Tgy = 03' 9.365 (or 189 seconds)
S7 =Tyq = 04' 12.500 (or 253 seconds)
Sg = ITgy + Tgy = 03' 22.583 (or 203 seconds)

Equation (7) yields
Sy = Sg + S7 + Sg = 10' 44.448 (or 644 seconds)
In the above, rounding was done after the calculation, but it is permis-

sible to round all status times and avalysis times before calculation
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(this may be desirable from a machine point of view, since for a

fifteen-day mission, some analysis times, even if relative ones,

may approach 1.3 x 108 seconds).

Calculation of Availability Summary Data

Considering the outage histories for all channels, it is desired to
determine for what percent of the total analyéis time the system was
in each of the possible N+ 1 conditions:

Co (no channels OUT)

Ci1 (1 channel OUT)
Cy (2 channels OUT)

Cy (all N channels OUT)
Thus DRAP must be able to identify all changes in condition (such
changes will not necessarily coincide with individual status changes;
see GMI'jg in Table I). One way of doing this would be to set up a
"condition counter", The contents o f the counter would be incre=-
mented (by one) each time a channel went OUT, and decremeﬁted (by oné)
each time a channel went IN. The number in the counter (ﬁhich would be

"1) would reflect the current condition of the system.

The condition durations T;, must also be calculated, but this can be
done for a given i and k only after the counter contents have been
changed, hence the counter contents would have to be saved for at least one

cycle if such a scheme were used.

The Tik's are not easily expressed in general form in terms of either
status times or analysis times (i.e., condition will not necessarily

change with either a channel status change or a new ESW). They would
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be easily calculated, however, from knowledge of the times at which
the condition counter's contents were changed. To illustrate, Table
IT below shows the sequence of ‘events if one assumes the sequence of

ESW's in Table I (entire table).

TABLE IT

ANALYSIS CONTENTS OF CONDITION DURATION SAVE FOR NEXT
TIME, t, COUNTER (after t.) CALCULATION CALCULATION
ty 0 none - t1
ty 0+ 1=1 Tor = tg = ty ty
tq 1-1=0 Tyy = t3 = t .‘ t3
ty . 0+1=1 T02=t4-té ty
tg 1+1=2 Ti9 = t5 = Ty ts
tg 24+ 1=3 Tgy = te = t5 | tg
t, 3-1=2 T31 = t7 ~ tg ts
tg . 2-1=‘1‘ Tyy = tg = t7. tg
tg 1-1=0 : Ti3 = tg - tg tg
tig 0+1=1 To3 = t1g = tg t1g
tyg (no change) 1 none . t1g
t12 1+1+1=3 T14 = 12 = t10 t12
€13 3-1=2 | T3z = tiz - t12 t13
t14 2-1=1 Tp3 = t 14 = t13 t14
t15 1-1+1+1 = 2 Ti5 = ti5 = t1g tis
tie 2e1-1+141 = 2 none t1$
t17 2-1-1=0 Ta4 = t17 = 15 t17
t18 ) 0+1=1 Tos = t18 = tyy . none
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Note tﬁat a duration calculation is strictly necessary only when the
counter contents change, as in Table II; however, a calculation could
be made at every ty (this would simply give more Tjy's to sum, but the
sum would be the same). Alsb, the t, at a change of condition would
be saved for either one cycle or until the next condition change, de=

pending on the technique used,

The condition durations are to be summed, for each value of i, to ob-

tain the total durations Di of the various conditions.

K
D, = T (8)
k
07 &= 0
K
1
Dy '=>‘——T Tix (9)
Ko

Dy = S T2k (10)
! k=l
i
! K,

D, =s— T, (11)
i =2 Tik _
i k=1
I
] K

By = T T (12)

k=1

These D; are divided by total analysis time T,

T, =t - £ (13)
where ?2 is the analysis time corresponding to the last ESW examined.
The result is the percent time p which the system spent in each condi~
tion.

100D

Pi & (14’)

Ta
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The number T, is printed out. Also the p; are printed out, along with

the corresponding values of i, for i = 0, 1, 2, ===, N.

To illustrate, the above equations are applied to the first half of
Table I (through t9), again using the pre&iously assumed values for
the GMI's. Tik and D; are zero except for i = 0, 1, 2, and 3, and

the expressions for these four cases are given in Table II.

Tgy = 00/20' 03.200 (ér 1;203 seconds)
Tpo = 04/51" 35.019 (or 17,495 seconds)
T11 = OO/OO' 53.095 (or 53 seconds)
T19 = 00/00' 30.842 (or 31 seconds)
Ty3 = 00/00' 24.656 (or 25 seconds)
Tyy = 00/01' 18.356 (or 78 seconds)
To9 = 00/01' 09.321 ~{or 69 seconds)
Tq3 = 00/01' 20.167 (or 80 seconds)

Equation (11) then yields
Dg = 1,203 + 17,495 = 18,698 seconds

53 4+ 31 + 25 = 109 seconds

o
|
It

78 + 69 = 147 geconds

=)
i

Dy = 80 seconds
Equation (13) yields

Tg = GMIg - GMI; = tg - ty = 05/17' 14.656 (or 19,035
: seconds)

Equation (14) yields
(100) (18,698)

PO = = 98,27%
19,035
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6.

(100) (109)

pp = T = 0.6%

19,035
(100) (147) :

Py = = 0.8%
19,035
(100) (80)

P3 = = 0.4%
19,035

Pi =0 for i = 4, 5, === N

Special Assumptions

When the first ESW at tj is examined, no previous ESW's +Z11 be available
for comparison. This is no problem if a NO CHAN OUT occz:rs at ty. If,
however, a channel or channels are indicated as being cirz, the assumption
is made that thege channels went OUT for the first time z= tg, even
though previous ESﬁ's, if available, might indicate otkervwise. This

amounts to aséuming that the ESW preceding t] was a NO Z&&K OUT.

When the last ESW a? ty is examined, it may not provide =wmclusive in-
formation as to whether a status change occurred (for cm= ©r more chan~:
nels). For example, if the last two ESW's are:

ty-1 CHAN OUT 3 5 |

ty CHAN OUT 3 7
all one knows at t, is that channel 3 is still OUT, chamc=l 5 went IN,
and channel 7 went OUT.  One does not know when either T wr 7 will go

IN., Hence one assumes that channel 3 went IN at .ty, and —:gnores chan-

nel 7 since its outage does not fall within the time perz==Z analyzed T,.
Thus only that part of the channel 3 outage which falls -siZhin T is

taken into account.
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7. Suggested Report Format

The report for this analysis (DRAP Module 2) consists of two parts:
header information (supplied before a run) and summary data (calcu-

lated during the run).

7.1 Header Information

DATA RETRIEVAL AND ANALYSIS PROGRAM (DRAP)
DRAP MODULE 2 REPORT - D/TV OUTAGE ANALYSIS

MISSION N: D/TV CHANNELS

(additional header information to be supplied for each mission,
generally having the following format)

GMT MISSION TIME ANALYSIS TIME

START OF PRE-LAUNCH 1

START OF AGENA LAUNCH

START OF PRE~LAUNCH 2

START OF GEMINI LAUNCH

- START OF ORBITAL

START OF RE~ENIRY

SPLASH DOWN.

(Note the above example events are peculiar to some of the GEMINI
missions; the AS 204 mission will list different ones)

* The analysis times are not supplied, but must be calculated.
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7.2 Summary Data Format

OUTAGE STATISTICS

CHAN NO. OUTAGE DURATIONS (ordered in increasing value
left to right)

2. e

3

i

N

CHAN NO. TOTAL OUTAGE TIME NO-OUTAGES
1 Sl ni

2 Sy ny

i 5§ nj

N SN nN

TOTAL SYSTEM OUTAGE TIME: Sq

TOTAL SYSTEM NO.OUTAGES: ngq
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AVATTABILITY STATISTICS:

CONDITION VPERCENT TIME IN CONDITION
1 Py
2 Py
1 Pi

TOTAL ANALYSIS TIME: Ta

GMT ANALYSIS TIME

START OF ANALYSIS GMT t1
END OF ANALYSTS GMT, ty

33



SECTION IV

ALGORITHM FOR CONSOLE ACTIVITY ANALYSIS

1, Required DRIP Input

The DRIP Report 1 (for all comsoles) will provide a history of all
operator requests and operator actions occurring between some Initial Time
and some Final Time. ESW's, while not "operator actions', are to be in-
cluded. Each action/request is identified by a time of occurrence (actu-
ally, time of input to the RTCC) in GMT notation, as well as by type of
action (DRK, MSK, ESO, ESW, etc.). Other information, such as requesting
console number, monitor, etc., is not needed for this analysis, although
it may be for others (this analysis is one of four requiring an all-console
Report 1). Although this analysis (and some others) require the data to
be calculated for a»number of contiguous time intervals, it may not be
desirable to maké this division into time frames at the time of running
DRIP, since there is no "“standard" time interval which will serve for all
analyses or all missions. It will be assumed that DRAP does the division

into specified time intervals.

2. Operation of DRAP Routines

DRAP routines operate on the DRIP Report 1 data (cénsole actions and
requests) to produce two types of summary data: Operator Actions Summary
Data and Interarrival Time Summary Data. The former is essentially a tabu-
lation, by time interval and by type, of the number of console actions;
the latter is essentially that data (calculated.without regard to time in-
terval) necessary to plot histograms and cumulative distributions of inter-
arrival time. Interarrival time is defined as the time bgtween arrival of
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an action/request and arrival of the next action/request.
* Some of the operations which must be perfqrmed by DRAP are:
(1) Calculate end-points of the time intervals and of the
histogram ranges.
(2) Examine each action/request and classify it by type and
time interval,
(3) Calculate various totals and subtotals, both within each
interval and over all intervals, of the number of actions
of various types.
(4) Compare the times-of-occurrence of actions (in pairs), to
obtain the interarrival times, and calculate points for
the associated histogram and cumulative distribution.
(5) Print out, in a suitable report format, the summary data
and certain header information.
One way of accomplishing (3) above would be to set up a counter for
each of the eight classes of action, and to increment the appropriate
counter each time an action is examined. At the end of each time interval,
the contents of various counters would be used for calculating certain sub-

totals, and then saved for later use.

3. Set=Up Calculations and Notation

Input parameters, set-up calculations, and notation are specified below

for both types of summary data calculationm.

3.1 Input Parameters

The input parameters which must be specified for each DRAP run
are:

(1) GMI'g, the mission time at which the analysis is to start,
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(2) GMTg, the mission time beyond which no DRIP data iétdsed
in the analysis. Most, but not necessarily all, actions
between GMI'g and GMTf are used in the analysis.

(3) T, the duration in seconds of each time interval (same for
all intervals). T may vary from 60 to 24,000 seconds.

(4) R, the length in seconds of each histogram range (same for
all ranges). R may vary from 0.1 to 100 seconds,

GMI, and GMI'g, while they must be specified to DRAP, can also be

used as initial andAfinal times for the DRIP run,

3.2 Set-Up and Notation

The set-up calculations required are similar to those in Sections
3.1.2 and 3.2.2 of the algorithm for DRAP Analysis Module No. 1 (RED/
AMBER Analysis). However, a slightly different notation wiil be
used here.

In Figure 1 is shown a hypothetical sequence of actions, as they
might fall within the N time intervals (each of length T seconds). The
T's are times which mark the eﬁd~points of the time intervals T3, Tjp,
---, Ty. Note that i = 0, 1, ===, N for Ti, but i = 1, 2, ===, N for
the T;. The units chosen for the Tj are immaterial as fa? as internal
calculations are concerned, but they must be accurate to thousandths
of a second; as far as the report is concerned, the Tj must be printed
out in standard GMT notation.

The tj are times=~of~occurrence of actions, in any convenient nota-
tion (they do not have to be printed out buf they must be accurate to

thousandths of a second). For example, the figure shows an ESO action
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-

occurring at to, an MSK channel request action at tj, an MSK for-
mat request action at t,, etc. ‘These times have to be subtracted in
pairs to yield the interarrival times Iy, Iy, -;;, Im. Note that
j =0, 1, ===, M for the tj, but j = 1, 2, ===, M for the Ij.

to (or GMTg) is the start of the first intetval. Calculate the

end of this interval (and the start of Tp) by

Likewise, To=T; +T="Cp+ 2T (2)
i
l ' .

' i

Continue, until aZ7 EI-’GM'I‘f results; the value of i when this
happens is N + 1, where N is the number of intervals (N is to be
printed out, as well as the Z3). An alternafé*way of calculating N

would be to calculate

GMTf - GMTg
T (4

- If this is an integer, that integer is N, if not, set N equal to the
next lower integer. Note that when (4) does not yield an integer, the
last time interval TN does not extend to GMT£ (see figure 1); in this
case there will be actions during some time (X in the figure) which
are not used in the analysis., This will be the usual case.

The quantity M is the number of interarrival times (one less than
the number of t's). At the end of the analysis, a number of these
interarrival times (I's) will have been accumulated (on the order of

30 per minute of mission time analyzed, based on GI-8 experience).
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A three-day mission could thus result in 130,000 or more I's. The
largest I will be called Ipax.
The I's are allocated to n histogram ranges, Ry, Rp, R3, ===, Ry,
~=-, R,, where the end points of the ranges are found as follows:
(1) The first range R] begins at 0, and extends to
ri = R seconds.
(2) The second range Ry begins at rj and extends to rp = r; + R =
2R seconds.
(3) Continue calculating end-points rq where rq = rq-1 + R =
(¢) (R) seconds, until the last end=-point r, has been calcu-
lated. The ry are in seconds and must be accurate to thou-
sandths of a second, for comparison with the Iz-
The number of ranges n is found by calculating

Imax
R (5)

If this is an integer, that integer is n, if not, n is the next

higher integer (n is printed out, as is I,y and the set of rq).

4, Calculation of Summary Data

Using the results of Section 3.0, DRAP will calculate Operator

Actions Summary Data and Interarrival Time Summary Data.

4.1 Operator Actions Summary Data

The actions are classified into the following eight clﬁsses.
Class 1. This includes all FDK actions. The number of these in the
ith time interval is m;y. |
‘ Class 2. This includes all PCK actions. The number of these in the

th . .
it" interval is my,.
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Tlass 3.

Class 4,

Class 5,

Class 6,

Class 7.

Class 8.

The

This includes all ESO actions. The number of these in the

th

it" interval is mj3.

This includes all SMEK actions. The number of these in the
itl;x interval is myy.
This includes all ESW actions. The number of these in the
ith interval is mys.
This includes all DRK actions. The number of these in the

ith interval is Mg .

This includes all MSK actions of the format request type, i.e.

MSKf's. The number of these in the ith jnterval is my7.

This includes all MSK actions of the TV channel request type,

i.e., MSK.'s. The number of these in the ith interval is m;g.

number of actions of each class is counted for each interval

(a tj belongs to Tj if Tﬁ_1<tj S‘C;‘)_ This results in a set of 8N

numbers,

are printed out in a matrix form having columns corresponding to classes

and rows

i.e., mji, mj2, ===, mjg each for i = 1, 2, ===, N. These

corresponding to values of i. Also included in the matrix are

the numbers mjg9, mj1g, and mjjyj, where

mjg = mj7 +mjg (total MSK actions) (6)

mjg + my7 (total format requests) N

]

miio

miil = m31 + mi2 + 2mi3 + 2my4 + myg

+ mjg + mjg (total CIM words) (8)

Also included in the matrix is

mgio = m31 + mip * omij + mjy + myg 9)

4+ mj9 (number of pushbutton actions)

‘40
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mii3 = myy9 + myg (total number of actions) (10)
When all matrix elements have been calculated (based on GT-8,
the element values could range from 0 to 22,000 or higher), each

column is summed to obtain totals:

N
Sl = :E: mi1
i=1
N
Sy = 2 mj
i i=1
| (11)
H N
S13 = > myj3 =M
i=1
Also calculated is
814 = 81 + Sy + S3 + 5y (12)
and certain totals expressed as percentages of Sys:
- 100814
Py, = (13)
14 512
Pg = 1008¢ (14)
512
Py = 10084
S12 (15)
pg = 100Sg (16)
512
S12
Pig = 100819 (18)
512

'All of the above totals and percentages are printed out. The largest
total is Syj; based on GI-8, this could be as large as 130,000 or more

for a three-day mission.
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4,2 Interarrival Time Summary Data

The individual times=-of-occurrence of actions are subtracted

in pairs to obtain interarrival times.

I]. =t = to (19)
I|2 = tz - tl (20)
|
Iy=ty =ty (21)
|
]

The resulting set of 1's is allocated to the various histogram

ranges, Rq, a given I being allocated

to Ry, if 0<I<=ry , (23)
to Ry, if ri<I=r) s (24)
to Ry, if ry<I< 1y , (25)
|
: .
to Ry, if rq_1<I‘£rq , (26)

etc, The number of I's in each range is counted to yield a set of cq,
g=1, 2., ~=-=-, n. These are printed out, along with the corresponding
values of ¢ and rq. Also calculated and printed out are a set of Pq>

where

Pq - 1000q (27)

- M
The value of the Pq will range from O to 100, and should be accurate
to two decimal places (i.e., to five digits).

Also calculated and printed out is the sum Sy of all the
I's

M
SI=21 I3 =ty - tg (28)
J:

in any convenient units, the mean interarrival time

- S '
T="1 (29)
M
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in seconds,

and the reciprocal of this,

Hl'»-

- R = (30)

In order to obtain points for a cumulative distribution of

interarrival times, the quantities

k
Fk = pq 3 k = 1: 2: ===, N (31)
q=;

are computed and printed out, along with corresponding values of k.

5. Report Format

As for DRAP modules 1 and 2, the report consists of two parts: header
information (the variable part of this is supplied for each run) and sum-

mary data (mostly the result ofAcalculaﬁions).

5. Header Information

DATA RETRIEVAL AND ANALYSIS PROGRAM (DRAP)

DRAP MODULE 3 REPORT - CONSOLE ACTIVITY ANALYSIS

MISSION GMTg GMT¢

NUMBER OF CONSOLES

(Additional header information to be supplied for each mission,
generally having the following format)
GMT MISSION TIME

START OF PRE-LAUNCH 1
START OF AGENA TAUNCH
START OF PRE~LAUNCH 2
START OF GEMINI LAUNCH
START OF ORBITAL
START OF RE~ENTRY
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Summary Data

T - seconds N - intervals
i T, (GMT)
0 Ty (=GMIg)
1 4
2 %
1
|
! : (included here, if there is room
i (2 on the print-out, is the matrix of
: ! console actions shown on the next
\ . i page; this matrix has entries for
N Ty all values of i except 0. 1If not
room in this position, print direct-
1y below.)
M - {513) actions S19 = PB actions
R - - seconds n - ranges I, . - sec.
q rq Cq Pq k Fk
1 ry c] P1 1 F
2 r) Cy P2 2 Fy
rs3. c P3 3 F3
1 i & | | |
1 | i | 1 i
: | ; ; | ‘
1 i ‘ i ! |
1 | ] |
] i | i S
n Tn Ch Pn n Fn
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SECTION V

ALGORITHM FOR DISPLAY REQUEST PROCESSING DELAY

1. “Required DRIP Input

DRIP Report 1 will provide times-of-occurrence of DRK and MSK actions
for all consoles. The actions of interest here are display format requests
and TV channel requests. These requests constitute a large part (about 98%,
based on GI-8 experience) of all actions listed by Report 1.

DRIP Report 3 (abbreviated form, all consoles) will provide times=of=
output of all Channel and Slide Words (C/S words) and all Command Words.
The C/S words are sufficient to describe the RTCC responses to the requests
above,

A suitable merger of Reports 1 and 3 allows a given request to be
correlated with the corresponding response. The difference between their
times of occurrence is the RTCC processing delay. The merged Reports 1
and 3 will providé times of all requests and responses between some initial
time GMI'g and some final time GMTg¢., These times also define the time span
covered by the analysis. Time, per se, is not of fundamental interest in
2the analysis since no time histories are produced; only time differences

(or delays) are of real interest.

2. Operation of DRAP Routines

DRAP must perform at least the foliowing functions:
(1) Examine DRK and MSK requests, and categorize these into two -

classes: format requests, and TV channel requests.

(2) Examine responses (C/S words or "74" words) and categorize them

into two classes: display initiation responses, and latch-only

responses.
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(3) Match requests to responses to form request/response pairs.

(4) Resolve certain anomalies such as incomplete pairs éa request
with no response, or vice versa).

(5) For each request/response pair, subtract request time from res-
ponse time to obtain delay and classify these deléys into three
sets, depending on class of request and response.

(6) Determine for each set, the sum of the delays and the maximum
delay. '

(7) Count the total number of delays in each set (total number of
delays used in each of three . histograms),and add these to get
grand total number of delays.

(8) Allocate the delays in each set to histogram intervals, and count
the numbér in eaéh interval; the result, after further calcula-
tion, is data for plotting three histograms.

(9) Calculate the mean delay for each set (for each histogram) and
for all sets (total average delay).

(10) Print out certain header information plus summary data resulting

from the above calculations.

Input Parameters

Input parameters which must be specified to DRAP are:

a, OCMIg, the mission time at which the analysis starts. GMIg can be
used for DRIP init@al time.

b. GMI¢, a mission time beyond which no request/response data is used.

GMTs can be used for DRIP final time.
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¢. R, the length in seconds of each histogram range (same for all

ranges). R may vary from 0.001 to 10.0 seconds.

4. Set~Up Calculations

The set-up calculations required for the histogram ranges (same for
each histogram) are similar to those in Section 3.2.2 of DRAP Analysis
Module No. 1 (RED/AMBER Analysis), except that the word '"duration' is re-

placed by "delay."

5. Notation, Definitions, and Anomalies

The items of Section 2 are discussed below in more detail; the numbers
correspond to those of Section 2.
(1) Format requests can arise from either MSK;S or DRK's, Their times
of occurrence will be denoted by tg. Channel requests can arise
from MSK‘S only; their times of occurrence are denoted by t.
Note that reference slide requests and mark commands are not of
interest.

(2) Dispiay initiation responses (occurring at times tp) may be of

two types. The first type is a 74 word which produces a single
line of DRIP printout, specifying channel, console, monitor, and
converter slide number; the time of this word is taken to be tp.
The second type consists of two sequential words; these produce
two lines of DRIP printout. The first speéifies latch information
only and the second specifies converter slide number (a false
"console number"” and other information is specified in this

second line). The time of the second word (containing the con-

verter slide number) is taken to be tp.
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Latch~only responses (no converter slide number given) occur at

times tg and may be of two types: a type which produces a line of
DRIP listing containing the words, "FOR CONVERTER SLIDE NONE"; and

a type which does not produce these words. The first type results
from a latch involving a converter channel (Channels 1 « 32) while
the second type results from a latch involving a non=converter
channel. Both types provide channel number, console, and monitor
information; regardless of type, the time of occurrence is taken to
be ty . Note that no Command Words ("76 words") are examined; neither
ére 74 words which specify reference slides. “Also ignored, as far

as ty is concerned, is any first word of a pair which constitutes

one type of display initiation response as discussed in the preceding
paragraph,

(3) A given request is presumably matched with the next (in time sequence)

response having the same console and monitor destination.

" (4) Incomplete pairs may occur quite normally as a result.of certain
operator actions (requesting an '"illegal" format number, or gener-
ating multiple requests by holding the "énter" button down), or as
a result of certain system conditions (when no TV channels are avail-
able, a display request may cause no response)., They may also occur
at the beginning or end of the analysis, due to truncation of data.
The number Mj of incomplete pairs is to be determined and printed out.

(5) The table below shows how each type of delay is defined. Note that
the delay type can be determined only by examining both request and

response class,
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CLASS AND TIME OF REQUEST CLASS AND TIME OF RESPONSE TYPE OF DELAY

MSK Channel Request at t. Latch-only Response at te T} =t, - t,

MSK or DRK Format Request Latch-only Response at tgp 13 =ty = tg
at tf .

MSK or DRK Format Request Display Initiation Response Y% = tpy - tf
at tg at tp

)

(6) TFor each type of delay, denote the sum of all delays of that

type as follows:

Sl =Z fcfl (1)
Sy =275 (2)
S3 = =_.C3 (3)

Also, denote S = 81 + S, + S3.
Also, denote the maximum delay of each type by Zimax,'zamax, and
T 3max; select the greatest of these and call it Tpue. UbeZpax to
calculate the number n of histogram ranges, as in Section 3.2.2
(2) of the_RED/AMBER Analysis. All histograms, in theory, will
have the same number of ranges (but see (8)).

(7) Let the number of delays in each of the three sets be Mj, M), and
M3. Calculate M = Mj + My + Mj.

(8) Let c:

i be the number of delays allocated to the Rj range of a

histogram, where a delay is allocated to Rj if
rj_1<3'£rj, . (&)

and let pj be defined by

pij - 100¢y 5 (5)
My
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The cj and pj

printed out are the M's and the T,

100c2;

P2j =
M2
P3j = 100C3j
M3

are printed out, along with j and r

(6)

)

j* Also

!
ax 8.

Each of the three histograms will use the same number of

ranges n, but due to differences in the nature of the histograms,

many of the ranges may be "empty" (no Z's allocated to them), as

shown in the hypothetical example below.

Af////-histogram for 21

1 2 & 5 6 8§ 9 10 n
histogrém for T ‘\\TS;
— — B e N s = I
¥ L] 1 § o s e wcm—
1 2 4 n
" histogram for (2 _—_\jﬁi
—_—— ——— — — — — i | J
1 2 4 n
The ¢y and Pj need not be printed out for ranges where they are zero

(e.g., for range 2 and ranges 10,11,---, n on the Tj histogram).
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(9) Also printed out are mean values

> 8

Ty =21 (8)
My

_5"2 =.S~2 (9
Mo

T,=23 (10)
Mg

=5 (11)
M

(10) A suggested report format is shown in the next section. Note
that the time span covered by the analysis, GMTf - GMIg, is

calculated and printed out.

‘6. Suggested Report Format

Certain supplied data are printed out as header information, followed

by input and summary data.

6.1 Header Information

DATA RETRIEVAL AND ANALYSIS PROGRAM (DRAP)

DRAP MODULE 4 REPORT -~ DISPLAY REQUEST PROCESSING DELAY ANALYSIS

MISSION GMT GMT ¢

NUMBER OF DISPLAY REQUEST DEVICES

53



6.2 Summary Data Format

TOTAL NUMBER OF DELAYS M

NUMBER OF INCOMPLETE PAIRS Mj

ANALYSIS TIME

(GMT¢ - GMT.)

HISTOGRAM RANGE R

tlmax -

Tomax ~

Z3max -

Z, -

?3 -

Zé -

T .
J rj
1 I‘l
2 r2
3 r3
n T,

e1j

c11
c12
€13

Cin

seconds
seconds
seconds
seconds
seconds
seconds

seconds

P11
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delays
delays

delays

. seconds

€21

sz

P21

22
23

P2n

cBn

seconds

seconds
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SECTION VI

ALGORITHM FOR DISPLAY CHANNEL UTILIZATION

1. Required DRIP Input

The DRIP Report 3 (abbreviated, all consoles) yields the channel
latch information (74g words) necessary to construct a time history of
the number of console monitors or group displays simultaneously latched
to each of the VSM input channels.

This information also exists internal to DRIP, in the form of a
“channel/console matrix'" which is updated as changes occur in the status
of channel latches., The information in this matrix is in a more desirable
form than that normally printed out for Report 3; it is also more inac~
cessible.

Thus if the standard DRIP report is used as input to DRAP, then
DRAP must reconstruct the matrix., The other alternative is to modify
DRIP such that the matrix and its updates are written out on a DRIP print
fape for direct input to DRAP without further matrix calculations. Which=~
ever alternative is'used, it will be assumed that the matrix and its up-
dates are available to DRAP,Aand DRAP operation will be described with
this assumption as a starting point.

The starting times (GMT mission times) used for DRIP and DRAP are
not indepepdent,vand dépend on the choice of above alternatives (see the

discussion of Section 6 on transient effects).

2. Operation of DRAP Routines

DRAP operates on the channel/console matrix data to produce three

types of summary data:
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A,' Latch - Distribution Summary Data

B. Channel ~ Usage Summary Data

c. ‘System -~ Usage Summary Déta

The first type of summary data is concerned with the time-variation
in the number of latches on individual channels, time averages of this
quantity, a summation (over channels) of the time gverages, and an aver=
age (over groups of channels) of the time averages,

The second type of sumﬁary data is concerned with the time variation
in the condition (in-use or not-in-use) of individual channels, the per=
cent of total analysis time represented by the total duration of the "in
uge" condition, and the average (over groups of channels) of this percen~
tage. |

The third type of summary data is concerned with the time variationms
and durations of the state of the D/TV channels, where all Nj channels
are considered as a single system. At present, Nj = 28, and hence there
are 29 system states: O channels in use, 1 channel in use, 2 channels in
usé; =w~, 28 channels in use., Of interest are the total dufation of each
state, this quantity expressed as a percentage of‘total analysis time,
and the mean value of the system state.

DRAP must do at least the following things:

(1) PFor each channel (not just D/TV channels), examine matrix ele-
ments, row by row, every time any changes occur in the elements. Asso=-
ciate the time of the element changes with resulting changes in a quan-
tity (number of latches) computed for each row (i.e., for each channel).

(2) Calculate the durations of each value taken on by the number

of latches, separately for each channel.
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(3) Quantize the number of latches from (1) into two levels
(= 0, >0) and calculate the durations of one-of these channel conditions
( >0), separately for each channel.

(4) Examine, simultaneously, for all of a subset of the channels
(i.e., for the D/TV channels), the channel conditions of (3), and deter=-
mine the number of D/TV channels simultaneously in the '"in=-use' condition
(described as " >0" in (3)). Call this number the '"system state.,'" Make
this examination every time a change occurs in matrix elements, but record
only those times at which a change océurs in the system state,

(5) Calculate the durations of the various system states.

(6) During the analysis times, accumulate, from (2), the durations
of each value and sum these separately for each value and each channel.
Also accumulate ﬁhe durations of (3), and sum these separately for each
channel. Also, accumulate the durations of (5), and sum the durations
for each value of system state,

(7) Calculatg total analysis time.

(8) Calculate certain further sums, percentages, and averages, using
the results of (6) and (7) together with input parameters. These addi-
tional quantities are defined in Section 5.

(9) Print out certain header information, as well as specified

parameters and summary data,

3. Input Parameters

The input parameters which must be specified to DRAP are:
(1) GMTg, the mission time at which the analysis starts. This may

not be the same as either DRIP or DRAP initial times,
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(2) GMI'¢, the mission time at which thé analysis ends. This can
be used as DRIP final time.

(3) Nj, the number of D/TV channels available for the mission
being analyzed, There are presently 28 of-these, but this number is
subject to change in the future and hence Nj should be a specified para-
meter in DRAP. If it is assumed that D/TV channels will always be
numbered sequentially starting with 1, then there 1s no need to specify
the numbers themselves,

(4) Nj, the number of non-D/TV channels which are assigned for
the mission being analyzed (out of the total number of available non-D/TV
channels, some are usually unassigned, i.e., "spares"). N, includes re-
ference slide channels, opaque cameras, etc.

All of the input parameters are printed out,.

4, Set-Up Calculations

This analysis produces no time histories or histograms, as such, and

hence no set~up calculations are required in these areas.

5. Detailed Calculations

Many of the calculations are similar to those of DRAP Analysis Module
No. 2 (D/TV Outage Analysis), except that the conditions of a channel
are "in-use" and "not-in-use" instead of IN and OUT; also the system state
refers to number of channels simultaneocusly in use whereas the system
condition of Module 2 refers to number of channels simultaneously out of
order, The detailed calculation of each of the‘three types of summary
data is given below, each discussion being based on Figures i and 2 and

on various parts of Table I.
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5.1 Channel/Console Matrix

Figure 1 shows the organization of the channel/conscole matrix, as
it exists internal to the DRIP program, The matrix has 128 rows, each
row corresponding to a VSM input channel., As of GT-12, there were only
70 channels physically installed; the remaining 58 rows in the matrix
represent expansion capability. Channels 1 through 28 (rows 1 through
28 in the matrix) correspond, at present, to the 28 D/TV channels. Of
the remaining 42 channels, 11 were designated as '"'spares' for GI-12,
leaving 31 assigned non~D/TV channels, Hence for GT~12, Nj = 28 and
N9 = 31, but these numbers may be different for other missions,

The matrix has 128 columns, each column correspondiné to a console,
There were roughly half this many consoles installed in MOCR 1 (Room 330)
for GT-12 (not counting consoles served exclusively by the Auxiliary
Display System). The remaining columns represent expansion capability.

In each element of the matrix is kept an updated list of monitors,
associated with the corresponding console, which are latched to the cor=
responding channel, Here, "monitor" is used in a broad sense and ine
cludes wall monitors and group display screens as well as console monitors.
DRIP provides for up to eight monitor designations for each console.

As the console operators make new display and channel requests, andvthese
are translated into latches, the data in the matrix elements changes.
These changes, on a time basis, always occur in simultaneous pairs, i.e.,
at the time of any change in an element, some other element in the same
column experiences a corresponding change. For example, if console 5

had its left monitor latched to channel 12, and the operator requested

channel 34 for his left monitor, the element for row 12, column 5 would
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have "left monitor" deleted; simultaneously, "left monitor" would be

added to the contents of the element at row 34, column 5,

5.2 Notation and Calculations

In Figure 2 is shown the hypothetical time variation of number of
latches on each of three channels. The‘number of latches on each
channel is plotted vertically, and time is plotted horizontally, with
the t's representing times~of-occurrence of latch changes, GMTg, the
start of the analysis, is identical to tj. For the pérticular example
shown, GMT ¢, the end of the analysis, occurs after the 16th change in
latch~status, and hence is labeled tjg. It is assumed that a given
monitor can be latched to only one channel at a time (the converse is
not true). |

The durations D,y are also indicated, where D,; is the duration of
_an n~-latch condition on channel i; these durations are placed directly
above the horizontal segment whdse length they represent.

As can be seen, a change in number of latches on any one channel
is always accompanied by a simultaneous change on one of the other two
channels, For example, there are two monitors latched to channel 2 at
GMIg. At tg3, this increases to three latches, as a monitor is "de-
latched" from channel 3 and 1étched to channel 2, 1In effect, the moniw
tors are constantly being re=distributed over the channels by the actions
of the operators. By the physical nature of the system, a monitor is
always latched to one, and only one, channel, hence the total number of
monitorstlatched to the system is con'stant° In the example, this num~

ber is 6, as can be verified by summing the number of latches vertically
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across _channels at any given instant (except at times of changes).
This is also evident between tjg and.tyj7, where all six monitors have
been latched to channel 2, leaving none on the other channels, ﬁote
that '“de-latches' are inferred by the analysis program; only positive
"latch" information is contained in the C/S words. For example, prior
to tys there were three latches on channel 1. Suppose that one of these
is for the right monitor of console 6 (this would be recorded in the 1 -« 6
element of the matrix). At ti2, a C/S word is received, indicating a
latch of this particular monitor to channel 2, Knowing that its pre-
vious latch was to channel 1, it can be inferred that a de~latch from
channel 1 has occurred, as shown. At tjz, .then, both the 1 = 6 element
and the 2 = 6 element of the matrix will change. For the example of
Figure 2, only the first three rows, and not more than the first six
columns, of the matrix would have entries (if all six monitors were con-
trolled by the same console, only the first column would have entries).
In Table I is tabulated some significant channel and system quanti-
tieé. This table continues the example of‘Figufe 2, and has entries
corresponding to the changes of that example. In the first column are
listed the various times of interest. These, and hence the durations
calculated from them, must be accurate to at least one millisecond. Each
of three major columns, representing three channels, are identical in
format., 1In eaéh, the first sub=column gives nj, the number of latches
to channel i ({ = 1, 2, ==~, 128 in the matrix, although there will bg
at most Ny + Ny matrix rows with entries). The value of ny is the num=-

ber of latches ilmmediately after the éorresponding time. The heading

of this subcolumn implies that ng is represented for each channel by the
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contents of a counter which is incremented by 1 whenever .a new latch is
added to channel 1 and is decremented by 1 whenever there is a de=latch
from channel 1. |

The second subcolumn gives values of Dyi in terms of the t's, For
example, there is a duration of the four-latch condition on channel 2
(i.e., a Dyy) between tyo and ty3, hence this D49 has a value of tyy =
tyo; there is another qu for this channel between ty, and tys.

The third subcolumn gives uy, a quantized version of nj, where uj =
0 if ny = 0 ("not-in~-use' channel condition) and uy =1 if ny >0 ("in-use"
channel condition). This subcolumn's heading implies that the condition
of each channel is represented by the contents of a channel-condition
counter which is incremented by 1 when nj changes from O to 1 and is
decremented by 1 when ny changes from 1 to O.

The fourth subcolumn gives the durations C,y of the channel condi~
tions, where 1 is channel number and u is condition (0 or 1). There is
a Cyy of tg ~ ty, another Cyp of tg - ty, and a third Cyy of tjg - tg,
for channel 2; this channel also has Coz's of t7 - tg and té - tg.

The last major column gives quantities pertaining to the system,
where "system" means the set of Ny D/TV channels. Here j, indicated as
the contents of a '"system counter', is the number 6f such channels simul-
taneously "in use", i.e., for which u, = 1. Note j =0, 1, ---, N,

The Dj are durations of the jth system state, given in terms of the t's,
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Calculation of the three types of summery data is described below,

using the above notation.

Latch-Distribution Summary Data

For each channel, sum each type of Dhy (i.e., sum the Dgi, the Dqy,
the Dy;, etc.), to get S,4, the total time during which there were n

latches on the ith channel,

Sni = > Dy (1

As a check, the sum %?:Sni should be equal to the analysis time T, =

GMT¢ - GMTg, for each channel.

s>
Compute, for each channel, the weighted average (time~averaged num=-

ber of latches on channel 1i).

_ Sli + 2821 + 3S3i + - o + D.Sni + hadndnd

ni = (2)
Ta

Note n; should be accurate to at least two decimal places.
Also compute Al, the time averaged number of latches on agll D/TV
channels,
Ny
- i=1
and A,, the same quantity for non~D/TV channels,
128
Az = E ni (l’)
i=N1+1
Compute‘xl, the average (over channels) of Aj, and'zé, the average of AZ.
=2 (5)
Ny
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A
2 (6)
Ny

Ay =

Ay, Ay, Ay, and Ay should be accurate to at least two deciman places.
Note Aj can be interpreted as the time=~averaged number of monitors
latched to a D/TV channel, and likewise for A, and non-D/TV channels,
The units of these quantities are latches per channel,.
The quantities Ta’ Ay, Ay, A1, and Ay are printed out. The channel~
dependent quantities ny are printed out, along with corresponding values
of i=1, 2, =«~, 128, Some of the n{ will be zero (unassigned channels:

or un-implemented channels).

Channel-Usage Summary Data

For each i = 1, 2, =~=, 128, sum the C,y for u =1, i.e., sum the

cli’ anc call this Sqq-

811 = Z C1y )

Sii 1s not a sum on i; it is the total amount of time spent in the "in-
use" condition by channel i. Although Sp; is not requiréa, note that
S13 *+ Sp3 should equal T, for each channel.

Compute P;, the percent time that the 1th channel was in use, accu-

rate to at least two decimal places.

Py = 100 Sy4 (8)
Ta
Compute By, the average (over D/TV channels) percent time a D/TV

channel was in use,

N
1
Bl"'ﬁii Py (9

67



and 52, the corresponding quantity for non=D/TV channels.

-y Les
- BeW, = P (10)
i=N3;+1

-il and 32 should be accurate to at least two decimal places.
The quantities'ﬁl and.gz are printed out, The quantities P; are
printed out, along with the value of i. Some of the Py will be zero

(unassigned or un-implemented channels).

System-Usage Summary Data

Sum the Dj's for each value of j =0, 1, 2, ===, N; and call these

quantities Sj.

5 = Z D, (11)

Note Sj is not a sum on j, it is the total duration of the jth system
state (j channels simultaneously in use) for the D/TV part of the system.

Calculate the percent time duration of each state, Pj.
=3 » =0, 1, 2, "'".a Nl (12)

These percentages should be accurate to at least two decimal places.
Calculate, to at least two decimal places, the weighted average-fj.
- 1
Pj =-E; (59 + 25, + 353 + ===+ lenl) (13)

Note that'fj can be interpreted as the "average" (over time) system state.

As checks, fj should equal 1 N
100 2—]: Py
i=0
and T, should equal N1 S
h|

3=0
The quantity.ﬁj is printed out. Also printed out are the Pj, along
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with corresponding values of j. Some of the Pj may be zero (for values

of j near zero and near Nj).

6. Anomalies and Special Assumptions

In Figure 2, it is assumed that GMIg and GMT; do not coincide with
latch changes, hence the curves in this figure are truncated on both ends.
The special assumptions made here are:

¢H) GMI; is the starting time of all channel and system states
and conditions existing then., This time is labeled ty and treated like
the other t's in calculating durations. Thus tj (a parameter specified
to DRAP) is assumed to be the starting time of the initial latch condi~
tion and channel state for each channel, as well as the starting time of
the system state existing at GMIg. In the figure, the first Dgj, Dgo,
and D433 the first Ci1, C12, and Ci3s and the initial Dy; are all assumed
to start at tj.

(2) Likewise, GMI¢ is assumed to be the finish time of all channel
and system states existing just prior to this time; it is treated like
the other t's in calculating durations.

If a counter technique 1s used, the latch counters, the channel~
condition counters, and the system-state counter are all initialized at
t] to the values existing at GMIg. The chance of an actual latch change
occurring at exactly GMIg is very small; even so, no problem should arise
since the various quantities in Table I are defined as those existing
immediately after the time of a latch'chénge.

In Section 5.1, it was stated that changes in matrix elements always

occurred in pairs (i.e., involved two elsments). Exceptions to this could
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occur if the RTCC sent a C/S word to latch a monitor to some changél,
and the monitor was already latched to that channel, or if the C/S word
contained an invalid channel code. In the physical system, the latter
case results in completely de-latching the associated monitor from the
VSM. Whether these anomalies are handled by DRIP, or even whether they
can.be caused by a console operator's actions, is not known.

A certain traﬁsient period must be passed through by DRIP before
at least one C/S word has been received for ‘each channel. It is possible
that such transient period may not terminate before the time that the
analysis starts, and hence the analysis would start with non-complete
data, Even 1f all channels had been "heard from" by GMTg, it would not
be certain that all monitors had been "heard from." Thus, if a certain
monitor were already latched to channel 12 at the DRIP initial time, and
if it remained so latched until after GMI'y, no latch information con-
cerning that monitor would ever be examined by DRIP, and hence that moni=-
tor's contribution to the number of latches on channel 12 would never
be taken into account, |

Theye seems to be no guaranteed solution to this problem of non-
complete data., Hopefully, it will exist only during some transient
period, but it may be difficult to determine when this period ends,
‘Intuitively, the best chance of having complete matrix data by GMTg is
obtained by starting the DRIP run (and perhaps the DRAP run) as early
(in terms of mission time) as possible, i.e., at the beginning of reel
number 1 of the log tape. 1If the alternativé of modifying DRIP (see
Section 1) is chosen, the DRIP run mﬁst still be started %ith reel no. 1
of log tape, but DRAP can be started at GMIg.
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There is a test which can be made by DRAP and later interpreted
gy an analyst, which at least mﬁy be able to pinpoint those runs (missions)
for which the matrix data was ﬁot complete at GMIg. This is accom-
plished by having a DRAP routine count the number of monitors in all the
elements of the matrix, i.e., add the contents of all the latch counters,
at GMI;. This numbet, if printed out, can be compared with the known
number of monitors for that mission; if all ménitors are not accounted
for, there would be reason to suspect the completeness of the data at
the time of starting the analysis. The routine which adds the n; need
not operate just once, it could operate every time there was a latch
change. This could provide a continuous check on the validity of DRAP

calculations, since this sum (total number of latched monitors) should

not change once the transient period is over.-

7. Suggested Report Format

The DRAP Module 5 report should contain a header section which re-
cords Ny, Ng, GMTg, GMIg, and the name of the mission being analyzed
(in this sense, the mission name is an input parameter), as well as a
format into which certain data can be entered manually. It should also
contain a summary data section, in which various specified and calculated
quantities are recorded. Recommended forms for these two sections are

given below.
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7.1 Header Information

'DATA RETRIEVAL AND ANALYSIS PROGRAM (DRAP)

DRAP MODULE 5 REPORT - DISPLAY CHANNEL UTILIZATION

MISSION GMT g GMI

£
Ny ' D/TV CHANNELS N NON~D/TV CHANWELS

(Optional) SUM OF nj AT GMTg

EVENT GMT MISSION TIME

7.2 Summary Data

LATCH~DISTRIBUTION DATA

T, - M Ay
Kl AZ

i 'ﬁi

1 51

2 ?2

3 bg

4 N/

128 nyag
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W]

CHANNEL -~ USAGE DATA

By
i Pi
1 P
1
2 Py
3 P3
128 P28

D/TV SYSTEM - USAGE DATA

Py

s o o s L,O‘N -t [ 7Y
« s & e
N

2
[
]
=
fae
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SECTION VII

ALGORITHM FOR GENERALALIZED CONSOLE/FORMAT ANALYSIS
(Part I)

1. Required DRIP Input

DRIP Report 3 (abbreviated, all consoles) will provide interpreta=-
tions of all Channel and Slide words (C/S words or 74g words) sent to
the Display/Control system in response to flight controller requests, to=~

gether with their GMT times of occurrence. Both select words and slide

words are of interest. Those combinations of a select word and a slide
word (which together constitute a display initiation response to a format
or reference slide request) are of interest, and the two components of

the response must be correlated, even though they occur at differcnt times.
The essential data which must be extracted from these words is as follows:

(1) Select words: GMT (designated "current time'), channel number,
console number, and‘monitor identification,

(2) S8lide words: GMI (current t), channel number, and converter or
reference slide number (the converter slide number is identical with thé
MSK format number for a display.

Two essentially different types of information are contained in these

responses: "IV Guide" information (which format is on which D/TV channel),

from (2) above; and latch information (which consoles and monitors are

latched to which channels and when, irrespective of whether the channels
are D/TV channels or not), from (1) above. These two types of information
are processed differently by DRAP,

In DRAP Analysis Module No. 5 (Section 6, pages 69 through 71) some
expected anomalies and special assumptions are given. By and large, these

apply in the present case also, although different quantities are¢ involved.
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In particular, the same problem of an initial transient period is

expected here, since a certain amount of mission time will ha&e to be
examined before C/S words will have been received for all monitors. Hence,
as in Module No. 5, the DRIP (and DRAP) initial times may have to be con=-
siderably earlier than the actual starting time of the analysis, GMTg .

The comments in the second, third and fourth paragraphs on Page 55

(Module No. S)also apply here, except that here it is the Console/Monitor
Matrix which is of interest, and here the initial times must be the same

for DRIP and DRAP.

2. Gross Operation of DRAP Routines

It is anticipated that Module 6 will be programmed in two sequential
parts, Part I (described here) and Part.II (to be .described in detail
later). The information computed by Part I will be written out onto a
tape which will‘be used as input to Part II. The same information will
be printed out as a Part I report,

The block diagram of Figure 1 shows the gross operation of the DRAP
‘routines, for both Part I and Part II of the analysis.

DRAP must do at least the following things:

(1) Examine the information described above in éection 1, paragraphs
(1) and (2) and use this to construct and update a Console/Monitor Matrix,
(a different version of which is maintained internal to DRIP). The ele=~
ments in this matrix contain entries which are GMT times and pseudo~format
numbefs (see (&) below).

(2) Using information from both select words and slide words, maine-

‘tain a "last latch" table by associating a given slide word with the next
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preceding select word and listing (eitﬂer in this table or in the "I¥
Guide") the console/monitor associated with that select word, for each
D/TV and/or reference slide channel.

(3) 1If this part of DRAP has been activated by an input user card,
it will periodically (at GMTg and at 30 minute intervals of mission time
preceding GMIg) printout the number of monitors which have received at
least one latch, At these intervals, GMT time and the number of latched
monitors will be printed out,

(4) Using the information described in Section 1, construct and
update a table which will be called "TV Guide". This table will be large
enough to list all VSM input channel numbers plus room for expansion,
and will give, for each chamnel, the number (pseudo-format number) asso-
ciated with that channel, The pseudo~format number, j, is determined
from a fixed table which is constructed from data supplied on user cards,
or else, if no assignment has been made, is assigned by the program.
This ‘data consists of one-to-one correspondence (arbitrarily set up by
the user and different for each mission) between MSK format numbers and
a set of integers, and between non-D/TV channel numbers and a set of
integers. These integers are the values of j and are used (instead of
MSK format numbers or VSM input channel numbers) to identify particular
display formats or VSM channels in the "IV Guide." They are also used
to identify both formats and non-D/TV channels in the Console/Monitor
Matrix., This fixed table is printed out.

(5) 1If this part of DRAP has been activated by an input user card,
it will periodically (at GMIg and every 30 minutes of.mission time pre-

ceding GMTg) print out the number of D/TV channels, to which a display
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has been assigned ag least once sincg the start of the run. Since "TV
Guide" entries are initialized to zeros at initial time, this amounts
to counting the number of channels which have non-zero entries in the
"IV Guide," although this particular counting mechanism is not required.
At periodic intervals, the GMT time and the count will be printed out.
(6) At the time of arrival of any C/S word wﬁich causes a change
in some entry of the Console/Monitor Matrix, the increment of up-time At
of a display or channel (on the monitor(s) associated with the change)
will be calculated, using the GMI's of both the current and last previous
change for that monitor. In addition, immediately following any change,

a count called number of observations will be incremented for the format/

console combination associated with that change. - -

(7) Quantities called Tij will be accumulated as entries in a
Console/Format Matrix with rows (i) corresponding to consoles and col=-
umns (j) corresponding to pseudo-format numbers. These quantities repre-
sent accumulated up~timé; the up-times for each pseudo=~format will, in
effect, be added over all monitors associ;ted with a giyen conéole-by
virtue of the way this accumulation is done.

Also accumulated in this matrig is Nij’ the summed (over=-all monitors
of a given console) number of observations for each console i and each
pseudo-format j. At the end of the run, the matrix entries Njj and Tj;
will have accumulated to their final values; some of the entries of the
matrix may be zero, of course. The final matrix is written on a tape
at Fhe end of the run and is also subsequently printed out as part of

a report, along with other data.
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The above steps constitute Part I of thisAanalysis module, and are
discussed in more detail in following sections of this document. Part
II will not be discussed in detail in this document, but an indication
of what the DRAP routines must do in Part II is given by the continuation
below of steps (8) through (14).

(8) DRAP must examine the information supplied on certain user
cards and select certain of the following operaﬁions/calculations (9,
(10), (11), (12), and (13) below) to be performed. 1In effect, the user
can cause DRAP to do any combination of these operations/calculaﬁions
upon the data in the final Console/Format Matrix (Nij's and Tij's), as well
as perform certain listings. Each operation/calculation is specified by
type and, in some cases, by data to be used (Nij,,Tij, etc,). In addition,
certain parameters needed to do the calculations may be specified on the
Part IT user cards (histogram range, etc.) and sets of values for i and j
may be given which limit calculations to data having these specified sub-
scripts,

(9) Perform certain listings of C/F matrix elements, and sum certain
parts of these elements, for user-specified rows and columns.

(10) 1List (print out) the consoles (or formats) for which there are
non-zero elements in the Console/Format Matrix in the user specified set
of rows and columns.
in all Console/Format Matrix ele=

(11) Add the Ny; and add the T

j 3

ments lying in both the specified rows (set of values for i) and the
specified columns (set of values for j). Several such sums (each over

different user-specified sets of i and j) may be required; these sums

are printed out.
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(12) Using as data the Tij or Nij corresponding to user-specified
sets of i and j, calculate histograms of this data, using a specified
histogram range. Several such histograms (each over different user=
specified sets of i and j) may be required; these histogram data are
printed out,

(13) Calculate certain sums of the matrix elements, and use these
as data for constructing a histogram,

(14) Print out a report which lists in  suitable format all of

the summary data resulting from the foregoing calculations.

3. Terminology and Example Definitions

Figure 2 and 3 provide some of the nomenclature used in subsequent
discussion. They also provide the assumptions (number of consoles,
monitors, formats, etc.) for an illustrative example which is worked
out in following section.

Figure 2 shows the pertinent identif}ers for consoles and monitors;
the terminology is thai of DRIP_and TR-155. Each console has a comsole
number (e.g., the Flight Dynamics Officer sat at console 11 for the GT~12
mission). These are decimal numbers, but do not form an unbroken se-
quence, i.e., for GT-12, there was no console 16 (or 41, 44, 51, 57, ete.).

Each console also has a decimal address and an octal address; the latter

is simply the octal equivalent of the former. The decimal address has
been selected as the Console identifier for purposes of this algorithm,
and is defined as the index i. For GI-12, i would have values 00, 01,
02, ..., 61. The decimal addresses form an unbroken sequence of numbers,

hence the use of i as the row-index in the Console/Format Matrix results

Y

in a "wertically compact' matrix.
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CONSOLE MONITORS
NOVMBER ] ADDRESS DLSCRIPTION | ADDRESS (K)
Decimal (i) Octal
1 00 000 L,C,R 0,1,2
2 01 001 L,R 0,2
3 02 002 L,R 0,2
4 03 003 R 2
5 A 004 L | 0
Figure 2

LIST OF CONSOLES AND MONITORS

PSEUDO- ASSIGNMENT OF i's BY USER
FORMAT . FORMATS VSM INPUT CHANNELS
NUMBER (MSK Numbers - (non D/TV)

(D or Slide Nos.) Chan. No. [Chan.Address

' (octal)

1 0003

2 0004

3 0531

4 0532

5 0617

6 1623

7 1624

8 70 106

9 59 073

10 66 102

Figure 3

USER ASSIGNMENT OF PSEUDO-FORMAT NUMBERS

Note: This is the "fixed table" referred

1 to in text and Figure 5.
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The only monitors of interest here are the léft (L), center (C),
and right (R) console monitors; thesg are'identified by a monitor
address which is, respectively, 0, 1, and 2. This address has been
selected as the monitor identifier for purposes of this algorithm,
and is defined as the index k.

The particular items entered in the columns of Figure 2 are ficti=
tious assumptions used in a subsequent example., We assume fi&e consoles
having the given identifiers for our fictitious system. These are
assumed to have monitor complements shown,

Figure 3 shows an assignment of pseudo~format numbers (defined as
the index j) to a fictitious set of seven display formats and three
(non~D/TV) input channels of the VSM. The j's are assigned (see Section
5) for each mission by the user of DRAP. The user might have assigned
the j's in many different ways from that shown; for example, he might
have assigned the low values of j to channels and the higher values to
formats, or he might have mixed the two insofar as the sequence of j's
is concerned. The values of j form an unbroken sequence of integers 1,
2, 3, ...; hence their use as a column-index for the Console/Format Matrix
results in a "“laterally compact“.matrix. For GT-12, the maximum value
of j would be 321 (279 formats and 42 non=-D/TV channels). The value of
zero for j has a special (and unchanging) meaning, this value is not as-
signed by the user. The user makes the assignments by means of "user
cards'" which are read in at the time DRAP is loaded (this assignment ine

formation is also printed out as part of the Part I report).
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4, Procedures for Producing Console/Format Matrix

In this section is given the detailed procedure for building up
the Console/Format Matrix and for obtaining other results which are
written on tape and printed out at the end §f the analysis. Inter=
woven with the procedures is a continuation of the illustrative example

begun in Section 3.

Monitor Histories

Figure 4 shows the sequence of conditions (monitor historiés) ase=
sumed for the example. The events (arrivals of C/S words) which begin
or terminate these conditions are shown as occurring at éarticular in=-
stants of GMI mission time, i.e., at GMIg, ti, to, t3, ..., tos, GMIf.
For convenience, the t's ;re shown with constant spacing, although this
is unrealistic, The analysis time Ty, = GMIf =~ GMIg is calculated and
printed out, as well as the user=specified GMTg and GMTf. For AS/204, -
Ta éhould be on the brder of fifteen days.

The previousl?-assumed consoles and monitors are shown, together
with a history for each. Arrivals of C/S words (short vertical lines
randomly spaced along each monitor's time axis) are shown only during
Ta, except for console 000, left monitor, which shows two of the c/s
words which arrived before GMTg and one of:the words which arrived after
GMTg. Each arrival occurs at one of the t's, for example, words affecting
console 00l's left monitor arrived at tg, tyg2, ti7, and tg3. Between
GMIg and tg, this monitor was showing pseudo-format 1 (which is seen to
be MSK format 0003 from Figure 3). The subscript indicates that this
format was on Channel 3 at the time. Between tg and t12, this monitor
was showing pseudo~format 5 (MSK format 0617), which was on Channel 4
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at the time. Between tyy and tyy, this monitor was showing pseudo-
format 2 (MSK format 0004), which was 6n_Channe1 1. Between ty7 and £33,
this monitor was showing pseudo-format 8 (whatever was on channel 70,
but not a display format); the subscript in this case indicates the non=-
D/TV channel to which j = 8 was assigned in Figure 3. Between t23 and
GMT¢, this monitor was showing pseudo~format 10 (i.e., it was latched

to channel 66).

The C/S words arriving outside of Ty (three of which are shown for
console 000, left monitor) affect DRAP ag follows:

(1) Words arriving between DRIP/DRAP initial time and GMIg affect
the bﬁildup of "IV Guide'" and Console/Monitor Matrix (C/M Matrix) entries
during this period. Thus it is necessary that DRAP process all of these
words, in order that the C/M Matrix and "IV Guide" be complete at GMIg.

(2) Up~time and nunmber of observations peed not be calculated

before GMIy, hence the part of the program which does this need not oper-

ate prior to GMI,.

(3) The first word arriving after GMTf (no matter which monitor it

is associated with) will cause a termination of the process of building
up the Console/Format Matrix (C/F Matrix), hence this word must be pro-
cessed. Subsequent words are not processed.

(4) When a word occurring before GMIg initiates a monitor condition
which peréists beyond GMTg (i.e., is terminated within Ta), the increment
of up-time associated with that condition is the portion of total up-time
lying within T,. For example, if ﬁhe word shown arriving just before
GMIg for console 00OL is at time t.], the up-time calculated by DRAP is

tjg -~ GMIs. Notice that, by the foregoing rules, the latch of console

85



000L to pseudo-format 4 (which is terminated at t_1) does not contri-
bute an increment to up~time or to number of observations, although

it does affect the C/M Matrix and the "IV Guide." o

(5) 1In the usual case, all monitor conditions existing at GMIy will
persist beyond GMTf; an example is the latch of 000L to pseudo~format 3
which is not terminated until t43. The increment of up-time calculated
in such a case is that portion of total up=-time 1ying within Ty; e.g.,

GMIf - tyg. If the word at ty] was the first word occurring after GMTf,

it would initiate the calculation of final increments for all monitors.

Partial Flow Chart

Figure 5 (on four pages) shows an example of how some of the fore-
going rules might be imbedded in a flow chart. The chart also illus=
trates specific ways in which some of the calculations might be accom-

plished, but does not show all of the things which DRAP must do in

Part I. Further, some of the boxes are summarized and must themselves
be expanded into flow charts.

The sequence of actions shown is initiated by the occurrence of a
C/S word on the DRIP tape being used as input to DRAP. The time of oc-
currence is designated "current t" and is one of the t's illustrated in
Figure 4. Also available from DRIP is the octal address of the destina-
tion console, the monitor identification (L, C, R), the channel number,
the reference slide number (if any), and the converter slide number
(if any); the latter is also the MSK format number. The specific set
of actions taken for a given word depends on the nature of these word

parameters, as follows:
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INITIALIZE TIME
OF ALL CONSOLES
AND MONITORS TO
"SPACES" IN C/M
MATRIX

¥

INITIALIZE ALL
j's TO ZERO IN
TV GUIDE

Q

GET NEXT C/S
WORD FROM DRIP.
TIME OF THIS WORD
IS "CURRENT t"

TO OUTPUT MONI~-
TOR AND CHANNEL

ENTRY ROUTINE

OUTPUT
COUNTS

" FIRST
C/S WORD WITH
TIME >GMT .2

YES

SET PROCESS
SWITCH TO
YPRE~-INTERVAL"

.{9

“hap- O

N Fued enboc) 75

YES

SET ALL TIMES IN
C/M MATRIX WHICH
ARE NOT ZERO OR

SPACES TO GMTg

note: Caw
Zp Thacw
62442427

SET PROCESS
SWITCH TO
"IN INTERVAL"

Figure 5.

PARTIAL FLOW CHART
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Figure 5 (continued)

MAIN PROCESSING ROUTINE

©

EXTRACT CONSOLE EXTRACT SLIDE NUMBER
INDEX i, MONITOR (FORMAT OR REFERENCE
INDEX k, CHANNEL, SLIDE), CURRENT t, AND
AND CURRENT t CHANNEL NUMBER

———
INCREMENT
V=3 CHANNEL
COUNT

IS
j=0 FOR THIS
CHANNEL IN TV
GUIDE?

INCREMENT o
MONITOR

COUNT 3

TIME OF PRE~
VIOUS SELECT

FIND LAST C/M SELECTED
TO THIS CHANNEL FROM
"LAST LATCH' TABLE

REPLACE PREVIOUS SEILECT
TIME WITH SLIDE TIME +
3 SECONDS IN C/M

\
< J > MATRIX

PROCESS
SWITCH SET TO
"IN INTERVALY

RECORD TIME OF 0
SELECT AND CHAN- .
NEL NUMBER IN C/M OTgﬁRT§i§WER DA
UPDATE MATRIX IN i, k CHANNEL 2 io”
ROUTINE
INDICATE C/M AS CONVERT SLIDE NO. TO
LAST TO BE PSEUDO FORMAT NO., FROM
SELECTED FOR THIS| |TABLE OF ASSIGNMENTS
CHANNEL, IN "IAST| |OF j (OR ELSE ASSIGN A
LATCH" TABLE VALUE FOR j) AND UPDATE
TV GUIDE

« O



Figure 5 (continued)

UPDATE Njj, T;; ROUTINE

( ENTRY |

4

FIND PSEUDO FORMAT
"NO. j FROM TV GUIDE
FOR THIS CHANNEL

Y

CALCULATE t = -
( CURRENT TIME) - (PRE-
VIOUS TIME)

UPDATE C/F MATRIX BY
ADDING 1 TO Njj &
ADDING At to Tjj

‘ RETURN )
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Figure 5 (continued)
"HANGERS~ON" ROUT INE

IS

PROCESS

SWITCH SET
TO "IN

\\ififRVAL'

NO

FIND PSEUDO FOR-
MAT NUMBER j

FROM TV GUIDE FOR
THIS CHANNEL

GET NEXT VIEWER
{(OTHER THAN LAST
TO BE SELECTED)
FOR THIS CHANNEL

Yes

N

" CALCULATE At

= (TIME OF SLIDE) ™
(PREVIOUS TIME
FROM C/M MATRIX)

ADD 3 SEC TO
At FOR SLIDE FILE
DELAY

ADD 1 TO Njj
ADD At to Ty
(i.e., UPDATE
C/F MATRIX)

SET PREVIOUS
SELECT TIME IN
C/M MATRIX = O
TO ERASE AS
VIEWER
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WRAP-UP ROUTINE

®
)

SET CURRENT
TIME = GMT¢

EXAMINE NEXT
CONSOLE /MONITOR
IN C/M MATRIX
AND GET t AND
CHANNEL NO,

/// UPDATE

Nij» Tij
\\\ ROUTINE

ALL

CONSOLES/

MONITORS
DONE?

ves

STOP EXAMINING
C/S WORDS




(1) 1If current t < GMTy, a switch is set to "pre-interval' and
entries continue to be made in the -C/M Matrix and "last latch" table.

(2) 1If GMTg < current t <GMTs (impiied by an "in interval" switch
setting)the various matrices and tables continue to be updated, and in
addition, the Console/Format Matrix elements Njj and Tjj are incremented.

(3) 1If current t >>GMT§ then a "wrap-up" routine does final pro-
cessing for all monitors. Note that the value of i at each cycle of the
Wrap~Up routiﬁe is supplied by the code controlling the looping.

One of the many details not covered by Figure 5 is that no pro-
vision_is made in the flow chart for rejecting C/S words which specify
a "monitor" other than L, C, or R (e.g., LPTV, etc.); some such provision

must be made.

C/M Matrix and "fV Guide"

The Conéole/Monitor Matrix has three columns (index k) which repre=-
sent the three monitor addresses of interest (L, C, R or k=0, 1, 2). It
has a number of rows (index i) determined by the number of consoles in
the system (62 for third floor, GT-12). In a following Figure, the ele=
ments of this matrix are speéified by i and k; e.g., the "0, 2 entry"
refers to the entry in ﬁhe element located in row 0 and column 2 (or for
i =0 and k = 2). In the example, this element and the entry therein
would pertain to console 000, right monitor. The entry in each element
consists of a pseudo-format number and a time (time of previous select
or “'previous time'" in Figure 5).

The "IV Guide" is visualized as a table having at least as many rows

as there are VSM input channels (70 as of GT-12), and space for one entry
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Figure 6

Translation made using Fgs. <. o

f

S

.

e e

1 L 1
é M%i;éON‘ INFORMATION CONTAINED IN C/S WORD* CHANGES MADE TO:
(t's) "IV Guide" Information | Latch Information "IV Guide" | C/M Matrix
tnitial ki )
times %(l\\ fna; lszioazltle fo.
GMT' ¢ Assume no €/S word at GMTg [Assume no C/S word None None
at GMIg
t1 None Lgfch Consofe gozR o None Chana¢ g’GL‘r'“ M
channel 7o Charge 2,2 énl‘r fofﬂ‘
2 None Laten Conso )e‘ 000 R L7 None change 6,2 enm,
channe! 54 o 9, +
Chann- 21 W2 722
- 3 Assign formal 1623 to Cann. 2 Lateh Gn .0p4L 35 Chann- 2. Chaéﬂﬁq . ng change 4Jto antry
NS
4 None Lateh Gon. 0071 o Gam o None cly. 2,0 entry to8 ts
5 None [afchlon . G01R tsChann. None Chg. 2,2 entry to 1 R
6 None u ool " 4 ‘ None "o v s5t,
. Change Chann 5
7 Assignformot 0522 Jo Chapn. & | © ool " b entry ol w48
8 None “ gpdL v W None U
9 None . 003k « 3 None 3,2 R
10 None . Book 4. 5 None v 00 u 94,
11 None W 60IR v 59 None -z v 9,
) ]
12 Assign format coo4 4o Chann. | ool cm;:?frqcégn w Lo W ZLt,
13 | ¥ ] ¥
14 L1 t t t
15 ] 1 1 1
16 1 ¥ 1 1
17 ' ' 1 1
18 ' 4 1 [
19 ' ' !H t
20 ' ' ' ‘
21 ' ' ' '
22 ' ' ' '
23 ' ' ' '
24 None Latch 0Q4L to None chquﬂoénhybeiﬁ
Chan 70
GMT¢ None None None None

*Expressed in terms of MSK format numbers,

console addresses.
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(pseudo~format number)‘in each row, The "last latch" informatigh‘could
also be recprded here, instead of in a separate table. The entries

are continually being overwritten and/or read out as mission time in=
creases, hence any representation of the "IV Guide' would have the
nature of a "snapshot' at some particular instant of time., WNote that
when processing any given C/S word, the "IV Guide' must be updated
before it is used to provide a value of j; this condition is satisfied
by the flow chart of Figure 5.

Figure 6 continues the example by illustrating the results of pro-
cessing the data of Figure 4 via the operations of Figure 5. It shows,
as a function of time, the changes which wouid be made in the C/M Matrix
and the "IV Guide'., Note that in Figure 6, the select and slidevinfor-
mation is assumed to arrive simultaneously (at one of the t's); this
is not actually Ehe case and hence Figure 6 can be used only to get a
very genefal picutre of the sequence of events.

Continuing the example, Figure 7 shows the appearance of the C/M
Matrix at three spécific instants of time, under the assumed conditions.
These “snapshots" can be derived from Figure 1.

Figure 8 shows the assumed history of assignment of formats by the
RTCC to D/TV channels; this assumption underlies the histories shown in
Figure 4 and is consistent with them. The duration of each format on a
given channel is shown in two segments: the time during which at

least one monitor is latched to the channel and the time during which
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no monitor is latched to the channel. DRAP m;kes no distinction between
these two channel conditions.

This figure is based on an assumption of five D/TV channels in our
hypothetical system, and is included for background only. To illus-
trate the meaning of the figure, it shows that at GMIg, format (pseudo=-
format) 3 was on Channel 1, format 4 was on Channel 2, 1 was on 3, 5 was
on &, and 2 was on 5. Beginniné at t2 and continuing until t; (See
Figure 4), no monitors were latched to format 4, hence the history of
this format on Channel 2 is shown as a dashed line from t9 until t3
when the RTCC assigned format 5 to this channel, Format 4 was subse-
quently (at t7) assigned to Channel 5. A "snapshot" of the "TV Guide'
(actually, that part of the "TV Guide" comprised of the D/TV channels)
is obtained at any given time by reading across the columns of Figure
8 at that time and noting which format was on each channel. As in-
dicated, this was done for three instants of.time: GMIg, tyg, and
GMI¢; the results are shown in Figure 9.

Also shown in Figure 9 is the D/TV part of the "IV Guide" at
initial time (before processing the first C/S word but after initial-

ization to all =zeros).

Console/Format Matrix

As each C/S word is processed, not only are changes made to the

C/M matrix (and perhaps the TV Guide), but increments of up-time ZSTij
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o

CONSOLE /MONITOR MATRIX

Mon: L C R
k: O 1 _2
i  Dec. Console Add.
0 00 3, GMTg 5, GMT 4, GMIg
1 01 1, GMTg 3, GMIg
2 02 2, GMIg 8, t1
3 03 10, GMTg
4 04 8, GMTg
Mon: L C R
k: O 1 2
i Dec. Console Add.
0 00 4, t1p 4,ty 9,to
1 01 2, t]_z 9,t11
2 02 8, tq_ 1,t5
3 03 1,tg
4 04 8, t8
Mon: L C R
k: O 1 2
i Dec. Console Add.
0 00 3, ti6 2, ty0 | 3, ty
1 01 10, t23 9, t11
2 02 6, tig 1, tg
3 03 1, tg
4 04 8, ta4
Figure 7

(a) At first t

7 GMT g
(b) At t19
(c) At GMTf

The matrix is shown at three instants of time, = The time in each entry
denotes start of conditions shown (i.e., start of latch of that monitor
to the pseudo format number shown)- '
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CHANNEL HISTORIES

mission D/TV Channel Number

time ' 1 2

3

4

"IV Guide" at GMTS

P ——

YTV Guide at ti2

P et ot ot | |t et ot
AT W= OWONTOV S W
N [ oo e

we — et ——

o
)
oV — —

N

'

"IV Guide' at GMTg¢

Figure 8

CHANNEL, HISTORIES

Entries are pseudo-format numbers representing displays
Solid lines indicate
monitor(s) latched to channel (display is being updated);
dashed lines indicate no monitor(s) latched to channel

assigned to the channels by RTCC,

(display is not being updated).
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D/TV Channel

Display Format on Channel (Pseudo-Format Number)

wn W N

QOO OO

(a) At Initial Time

D/TV Channel

Display Format on Channel (Pseudo-~Format Number)

UV B W0 N

N U W

(b) At GMT,

D/TV Channel

Display Format on Channel (Pseudo-Format Number)

Vi W N

BNV AT

‘ (C) At t12

D/TV Channel

Display Format on Channel (Pseuo -Format Number)

(S RF UL S

I N T

(d) At GMIg

Figure 9
TV GUIDE" AT VARIOUS TIMES
(Showing D/TV cheznnels only)
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and number of observations Z}Nij are calculated and added to the proper
entry in the Console/Format Matrix (C/F Matrix). These matrix entries,
Tj; and Nij» thus accumulate to their fiﬁal values shortly after GMIg,
at which time the matrix is printed out, It is also written on a tape,
called the "matrix tape', for input to Part II. This tape contains
data in addition to the C/F matrix.

The C/F Matrix is envisioned as a rectangular two~dimensional matrix
with row index i (console) and column-index j (pseudo-format), and with

elements containing two types of entry: the T;: or accumulated up-time

J
for pseudo-format j on console i, and the Nij or accumulated number of
observations of pseudo~format j on console i, As indicated in the flow
chart of Figure 5, ZlNij is always equal to 1, and'ZXt is equal to the
difference between ‘''previous t" and current t, both being calculated
for one of the monitors physically located in console i. The Njij are
dimensionless, and the Tij are in decimal hour notation (e.g., 191.7863
hours) and must be accurate to the nearest ten~thousandth of an hour.
In Part II, the Njj and Tjj will be operated upon numeriéally.

An upper bound for the final value of a Tjj is the analysis time
Ta. A guess as to an upper bound for the final value of an Njj is
twenty per hour of analysis time (if T, is fifteen days, this would
yield a worst-case final value for an Nij of 7200).

Continuing the example, Figures 10, 11, 12, and 13 illustrate the
buildup of the C/F Matrix under the assumed conditions. Note that these
figures are based on Figure 6, which in turn is based on tﬁe assumption

that select and slide information arrive simultaneously, hence the times

shown are only grossly correct in some cases, Figure 10 shows a time
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history of all changes made to the matrix, with N's and T's identified
as td console and pseudo-format. In ca;culating.the T's, the t's-of
Figure 4 are assumed to be equally spaced, by one unit of time, along
the time axis (except for ty and tp4, which are assumed to be two time
units from GMI'g and GMTf¢, respectively). The T's are thus in arbitrary
"units" of time for this example. To illustrate, console O's left
monitor showed pseudo-format 4 from t1Q to tig, hence the associated
up~time increment A Tp, is tyg = tygs which is equal to six units of
time; this is entered in Figure 10 at tjg.

Figure 11 shows the changes of Figure 10, but arranged by cohsole
and given in terms of cumulative values. TFor example, console 0 viewed
pseudo~format 4 three times during Ty, once on each of its.three monitors.
The corresponding changes in Np4 and Tgy, are shown at tp, tj3, and tyg,
as are the cumulative values. As can be seen, Np, accumulates to 3,
and Tg, accumulates to 13, during T,. These two numbers would thus be
values in the final C/F Matrix.

Figure 12 shows éhe values of Njj and Tjj at various instants of
time for console 0 and all of the formats viewed at that console; this
figure is_essentially another way of displaying the data in the first
main column of Figure 11, except that it shows accumulated values only.
It shows, at GMTg, the final values of the N's and T's for this console,
hence the last row of the figure gives the data found in one row (the
one for console 0 ) of the final C/F Matrix., If Figure 12 were done for
each of our five hypothetical consoles,:the last rows of these figures
would furnish all the data for the final C/F Matrix, which would thep

appear as in Figure 13. Note that Figure 13 does not show the data
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Figure 10
EXAMPLE HISTORY OF CHANGES MADE TO
CONSOLE/FORMAT MATRIX DURING T,

Note: 1In calculating T.. increments, assume
that "sequential t*s differ by 1 unit of
time, e.g., ty = ty.1 = 1. Assume that
GMLg and GMIf are spaced by two units
of time from the nearest t.

MISSION TIME (t's) CHANGES MADE TO ENTRIES IN C/F MATRIX
Nij Tij(See Note)
GMTg Set all Nj; = 0 Set all Ty =0
t Add 1 to Ngj Add 2 to Ty
t2 1 Noz 1 To4
3 1 N48g 4 Tn8
4 1 N22 5 T22
5 1 Nog 4 To8
6 1 Ni1 7 T11
7 1 Nos5 8 Tos
8 1 N46 5 Tue6
9 1 N3 10 10 T3,10
10 1 Np3 11 T03
11 1 N13 12 T13
12 1 Nis 6 T1s
13 1 No4 6 To4
14 1 Ngg 12 To9
15 1 Nos 2 Tps
16 1 Nos 6 To4
17 1 Ni2 5 Ti12
18 1 Nos 4 Tos
19 1 N2g 15 T28
20 1 No1 5 To1
21 1 - Np,10 3 To,10
22 1 N48 14 Ty8
23 1 N18 6 T18
24 1 Nae 2 Tu4e
1 No3 10 Tos3
1 No2 6 To2
1 No3 5 To3
1 N1,10 3 T1,10
GMT 1 N9 15 Ti9
1 N2g 7 T26
1 No1 21 T21
1 N31 17 T31
1 N48 2 T48
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Table 12
PARTIAL HISTORY OF Njj AND Tjj AS ACCUMULATED

IN CONSOLE/FORMAT MATRIX
(for i =0and =1, 2, 3, 4, 5, 8, 9, and 10 only)

CONSOLE O

Mission Formats (Pseudo-Format Numbers

Time 1 2 3 4 5 8 9 10

]
(t's) I Nop(To1 | No2lToz | No3|Tos | Nos|Tos | Nos[Tos | NosjTos | Noo[Too | No,10(%0,10

GMT 4 010 0} 0 040 01 0 019 0] o 0] 0 0. 0

.t

W o~ W

NOTE: This history reflects only those
matrix entries for console 0 and
for the formats viewed at that
c¢onsole.
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for Column Q. No latches to pseudo~formaﬁ 0 are assumed in this exam-
ple, hence the final matrix would have all zeros in its first columm.

The final C/F Matrix in Figure 13 is a representation only, and is
not meant to define the form in which this matrix appears in the computer.
The computer form of the matrix would have to contain all of the numeri-
cal values for Nij and Tij’ arranged in such a way that they could be
located by specifying 1 and j.

The matrix as shown contains a number of "blank" elements (such as
the element for i = 1, j = 4); these represent console~format combinations
which never occurred during the analysis and hence were never filled in
with entries. These blank elements may or may not be physically repre~
sented by certain core locations in the computer,.depending on the way
in which the programming is done. 1If not, an obvious saving in core can
be accomplished, since the matrix is expected to have a large number of
blank elements.

On the other hand, these blank elements "contain" essential informa-

tion, namely, that the N's and T's associated with them are all equal to
zero. This is indicated in the 0, 6 and 0, 7 elements where instead of
leaving the element blank, this essential information is shown in paren-
theses, If it is possible to do the programming such that these zero
values of N and T can be inferred from the matrix form written in core
(inferred either by DRAP Part II from the matrix tape, or by the user who

- sees a printout), then core need not be used up for these blank elements.

To repeat: it is necessary that all zero values of Nij and Tjiﬁbe
obtainable (directly or by inference) from the final matrix form as it is

printed or as written on tape. These zero values are legitimate values,
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and may be used in the calculations of Part II. Note that Figure 13
shows a matrix column for every pseudo=format specified by the user,
even though one of these (pseudo~format 7) was never viewed by any

console,

5. User Cards

Before each run of DRAP 6 (Part I) the user must supply certain
information which is then punched into cards (”ﬁser cards'') for input
along with DRAP, The user should be provided with a standard page-size
form for filling in this information; the arrangement of this form should
facilitate punching of the information into cards. Most of this user~
supplied data is to be printed out as part of the Part I report; in addi=-
tion it is used by DRAP to enable or di;able certain roﬁtines, and as a
source of numbers needed for certain translations anq calculations. The
data to be specified by the user is described below under several cate~
gories, without regard to format; note that cards related to A, B, C,

and D) have the nature of adaptation cards specific to one mission.

A. Mission Identification

The name and number of the mission being analyzed;.e.g., GT-9,

GT-12, AS-204, etc.

B. Mission Times

The start and stop times of the analysis; i.e,, GMIg and GMTf in

day~hour-minute~second notation.

C. Activation of Counting Routines

A binary indication (yes or no) as to whether each of the two
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count-output routines is to be activated for this particular DRAP‘run.‘
The indication will be given for both the "monitor count' and the
"Channel count"., The former prints out the number of monitors for which
there are entries (non='"blank" elements)‘in the Console/Monitor Matrix,
and the latter prints out the numbér of D/TV channels which have been
assigned at least one format since the start of examining C/S words.

The count and GMT time-of-count are printed out every 30 minutes of
mission time prior to GMIy,. and every time there is a change in either

count after GMTg.

D. User Assignment of Pseudo-=-Format Numbers

In order to facilitate the operation of DRAP, the following pro-
cedure is suggested for the user when assigning pseudo-format numbers,

The user will list, in ascending order, the Qumbers of the non-D/TV
channels available fér this particular mission, followed in each case
by a pseudo=format number, j. The user will assign sequential values
of j beginning with 1 in this part of the list.

The user will next list, in ascending order, the MSK format numbers
available for this particular mission, followed in each case by a pseudo~
format number, so as to continue the unbroken seqﬁence of j's started
above. The user may alsc continue in this manner for reference slide
numbers, if desired, but these should be identified as such,

Note that in Figure 3 the user did not follow the above procedure
in that he assigned j's to formats first and then to channels. A com-
pletely random and arbitrary assignment might require DRAP to sort and

order before entering the data in a table for subsequent look-up.
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DATA RETRIEVAL AND ANALYSIS PROGRAM (DRAP)

DRAP MODULE 6 REPORT - GENERALIZED CONSOLE/FORMAT
ANALYSIS. PART I - CONSOLE/FORMAT MATRIX

MISSION GMT4 GML¢

T ANALYSTIS TIME N D/TV CHANNELS

USER ASSIGNMENT OF PSEUDO-FORMAT NUMBERS

CHANNEL OR FORMAT

—= 1] -

i
i
i
i
MONITOR COUNT CHANNEL COUNT

TIME COUNT TIME COUNT

el

- m— — —
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CONSOLE /FORMAT MATRIX

3

01

21
31

41

11

02
12
22
32

42
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02

12

22

32

42 —

03

13

23
33

43

04
14
24
34
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SECTION VIII

ALGORITHM FOR GENERALIZED CONSOLE/FORMAT ANALYSIS
(Part II)

1. Required Input

The input to Part II consists physically of a tape (the "matrix
tape') produced by Part I of DRAP 6, and a number of control cards, as
described below.

The matrix tape contains the following data, all of which was
either produced by, or entered by the user into, Part I (see report
format for Part I):

(1) Mission identification,

(2) GMT4, GMTf, Ny and T,.

(3) Table showing user éssignment of pseudo-format numbers.

(4) The final Console/Format Matrix produced by Part I. This matrix
contains double entries (Nij's and Tij's) in elements defined on a row
index i and a column index j. Many of these entries will be zero (when=~
ever an N. is zero, the corresponding T will be zero, although the reverse
may occasionally not be true, due to rounding of Tij)‘

The control cards may be of several types; At least some of these
cards (the '"user cards") contain information supplied by the user of Part
IT. These user cards are punched from data supplied by the user on a
special form to be provided. |

The information content of the five types of user cards is specified
in Section 4,

2. Operation of DRAP Routines

The general operation of Part II routines has been shown in Figure L of
the algorithm for Part I, and is disocussed there. Part II provides five

types of processing: LIST, SUM, LIST/SUM, HIST, and SUM/HIST, any or all of
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which may be activated by user cards. In addition, any activated process
may be required to repeat several tﬁneé,,operating on a different data set
each time.

The results, which are printed out in a suitable report format, consist
of five types of summary data, correséonding to the five types of processing
which can be done.

3. Details of Algorithms

This'section discusses the detailed algorithm which must be performed
for each of the five types of processing.

3.1 1IST

The purpose of LIST is to list in the report, all non-zero elements in
user~-specified rows (values of i) and columns (values of j) of the C/F matrix.
The user specifies which of two prihtout formats is to be used, i.e., whether

the data is to be printed out by console or by channel/format. For example,

if the matrix has 450 columns and if the user specifies printout by comsole,
row 2 (i = 2) and all colums (j =0, 1, 2, ~-~===-- 449), this processor will
search the 2nd row, examining all 450 elements in that row. It will discard
all elements for which both N and T are zero, and retain those elements for
which N > 0. 1In doing so, it will have satisfied the user's requirement to
look at ali elements in the 2nd row which also fall into one of the specified
columns (all columns, in this case). ~

For each of those elements (those values of j) having N > 0, the LIST
processor will convert j to its corresponding MSK format number or non-D/TV
channel nu@her, using the table of assigmments of j, and store the result (a
number with 2 or 4 decimal digits),‘the value of N (an integer requiring 4
decimal digits), and the value of T (the uptime in hours, requiring.7 decimal

digits). T is expressed in decimal fraction form, e.g., 329.2156 hours or
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001.0023 hours. A number of these 15-digit packages will be stored, one

package for each element having N > 0. The final step would be to print out,

either then or at the end of the run, the accumulated data. For the above

example, and assuming non-zero eleménts for j = 3, 59, 316, and 317, (channel

49 and formats 0029, 1560, and 1561, respectively, e.g.) the result would

be a line of printout:

CON 02 49, Ny3, Tpgq 0029, N2,59 T2,59 1560, N2,316’ T2,316 1561, N2,317, T2’317
Under the same conditions, if the user had specified columns 0 through

50, 100 through 200, and 300 through 316, only the first and third items

above would be printed out. If the user had, in addition, specified rows 0

and 25, the processor would search 3511 three rows and there would be 3 lines

of printout, beginning, respectively, with CON 00, CON 02, and CON 25, and

if there had been no non-zero elements in row 25, there would be no data

following CON 25. The data for any particular row may take more than one

line of printout,‘of course.

If the user had specified a printout by channel/format, it would appear

as follows:

CHAN 49 02, Np3, Tg3
FORMAT 0029 02, Nz, 59,T2, 59
FORMAT 1560 02,

Ny, 31672, 316
FORMAT 1561 02, Ny, 317 Ty, 317
3 2

-

In both the above cases, the actual printout would contain the values
of the various N's and T's, rather than their symbols as shown. It is clear
that if the user is concerned with the number of lines of data on the print-
out, he should use care in choosing between the 'by console' format and the
"by channel/format" format. If the minimum number of printout lines is de-

sired, then he should choose:
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(1) The '"by console' forpat,_if’the number of channels/
- formats exceeds the number of consoles (as in the
example above).
(2) The 'by channel/format" format if the number of consoles
exceeds the number of channels/formats.
As a further example, suppose the user had specified the following set
of values for i and j:
i's (rows): O to 25, 29 to 50, and 54 to 60 (inclusive)
j's (columns): 23 to 23, and 235 to 236 (inclusive),
and had also specified a "by channel/format" printout (as:.he should, if he
wishes to minimize lines of printout). Suppose further that j = 23 corre-
sponds to channel 51, j = 235 to format 1089, and j = 236 to format 1090.
The printout would then appear as follows (again, with numerical values in

place of the symbols):

CHAN 51 00, Ny 23, Tp, 23 01 Ny 93 Ty a3 02, Ny 53T) 23
03, N, T ==mmmmmmmn- 25, N, T 29, N, T
30, N, T ==mmemm-mo- 50, N, T S4, N, T
55, N, T =memmmmm—-- 60, N, T

02, N, T 03, Ny, T ~=-vwvcee=--
25, N, T 29, Ny T =mmmmmmmnnn
50, N, T 54, N, T wemmema-ne 60, N, T

02, N, T -===-==mm===un 25, N, T 29, N, T

60, N, T

Note that the foregoing remarks have mainly to do with the format in
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whiph data is printed out. In spite of such remarks as "the processor will
search the 2nd row," no restriction on the manner of examining matrix ele~
ments is implied., There may well be a ﬁost efficient way of examiﬁing the
matrix in any given case, and this may be relatéd to the printout format
specified, but such questions are notiaddressed here.

Note also that if any of the N's and their associated T's in the fore-
going examples had been zero, neither would have been printed out.

3.2 SUM

The purpose of SUM is to add the entries (N's and T's) lying in user-

specified rows and columns of the matrix, so as to produce two quantities:

S13 + = — Nij = >  Nij (1)
T, J

iin T jin J

UIJ' = > > Tij =% le (2)

iin I jin J
Here, the notation "I" and "J" has been introduced to symbolically designate
the set of i's and the set of j's, respectively, which have been supplied by
the‘user.

The quantity Syjis the total number of observations of all pseudo-
formats (j's) specified in J, by all the consoles (i's) specified in I. The
quantity Up; is the total uptime of all pseudo-formats (j's) specified in J,
on the monitors of all consoles (i's) specified in I. 1In computing these
quantities, the SUM processor must search appropriate rows and columns of the
matrix, accumulating the two sums as it examines the various elements., As
in the case of LIST, it may be desirable to vary the search procedure, but
the printout format is always one line, as in the following example.

I 02-02 J 000-449 Sy, 900 Ury 49,5000

1J

This is seen to be the result of assuming the first example of Sectiomn 3.1

»

(specify row 2, all 450 columns) together with the assumption that all N's
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have the value 2 and all T's have the value 0.11. Note that, unlike LIST,
SUM has no restrictions on whether or not a matrix element is zero; all zero-
valued N's and T's get added in even though this dozs not affect S or U.

The print format could exceed one li;e for a SUM output, but-only if the
specifications‘of I and J were very extensive. The worst case would be to
specify every other row and every other column; based on a 62-row by 342-
column matrix, this would require the printing of roughly 1244 decimal digits,
plus 201 hyphens, 199 commas, 2 alphabetic characters, and 4 spaces, just to
list the specified rows and columns. When digits and characters for S and U
are added, the result is about 1680 print-columns, or 14 lines of print.

3.3 LIST/SuM

This processor is a modification of the previously described LIST pro-
cessor, wherein the individual values of N and T are not listed, although the
console and channel/format numbers still are., Instead of listing the indi~-
vidual values, ﬁhese are summed (separately for N and T) for each line of
printout, i.e., for each console or for each channel/format. The resulting
sums are printed out as TQTAL N or TOTAL T at the start of éach line. Such
sums could, of course, be obtained by repeated specification of the SUM pro-
cessor, and the listings of consoles and/or channels/formats could be gotten
from a specification of LIST; in this senée, LIST/SUM is a combination of
LIST and SUM for use where individual values of N and T are not desired.

The p?ocedure is similar to that for LIST, except that instead of stor-
ing individual values of N and T for later printout, these are accumulated
and only the sums are printed out,

Referring to the first example for which a printout was given in Section
3.1, the user would specify the same parameters (including 'by console" print

format) for LIST/SUM, but the printout would appear as follows:
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CON 02 TOTAL N 1086 TOTAL T 41.0257 49 0029 1560 1561
In the second example printout of Section 3.1 (specifying printout by
channg}/format), the result would appear as follows (assumed numbers):
CHAN 49 TOTAL N 500 TOTAL T 28.0100 02
FORMAT 0029 TOTAL N 150 TOTAL T 5.0060 02
FORMAT 1560 TOTAL N 350 TOTAL T 7.0047 02
FORMAT 1561 TOTAL N 86 TOTAL T 1.0050 02
In the third example of Section 3.1, (the''further example') the LIST/SUM
printout would have appeared as follows (assuming no zero values for N):
CHAN 51  TOTAL N 520 TOTAL T 3.6801 00 01
02 03 - « = = = 25 29 30 - - -
50 54 55 - -~ - - 60
FORMAT 1089 TOTAL N 123 TOTAL T 17.029 00 01

02 03 =~ =« - - - 25 29 = = - - - 50

FORMAT 1090. TOTAL N 230 TOTAL T 21.644 00 01

Again, any console numbers for which both N and T = 0 would have been
omitted from the printout. ’ |

3.4 HIST

The purpose of HIST is to produce points (abscissa and ordinates) for a
histogram. The data for which the histogram is constructed consists of the
numbers N or T found in user-specified matrix elements. This processor will
construct a single complete histogram as it examines the specified matrix
elements. If the user specifies N, it will construct the histogram using as

data only values of N; if the user specifies T, it will construct the histo-

gram using only values of T. If the user wishes both an N-histogram and a
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T-histogram, he must specify two separate HIST operations, even though the
same I (i-set) and J (j-set) may apply to both. HIST will search the matrix
and examine each element implied by I and J. At each element, if will pro=
cess either the N or the T in that element. At the end of this search-and-
process operation, the ordinates fof either an N-histogram or for a T-
histogram will have been accumulated; these, together with I, J, and
abscissa information, are printed out in the report.

Note that there are no restrictions on the allowable values of N or T,
as far as HIST is concerned; the value 'zero" is quite legitimate for either
N or T, and such zero-valued elements must be processed since they contri-
bute to the histogram.

The calculation of abscissa information is identical to that done in
DRAP Module 1, p. 7. From the set of N's (or T's) that have been specified,
the largest value N oax (or Tmax) will be selected (and printed out), and the
number of histogram ranges n determined by rounding off, to the next higher

integer, the quantity ng? (or Tmﬁ?), where R is the user~specified histo-

gram range (abscissa increment). TFor N-histograms, the user-specified value
of R will vary from 1 to 500; for T-histograms, R will vary from 000.0100
hours to 036.0000 hours. |

The abscissa intervals are from 0 to rj, rj to rp, ryp to r3, ----- rp-1
to r, where r = n (R) and T, = Th + R = (p) tR). The start and stop end

points rp (p=0,1, 2, - - -, n) must be calculated, and the values of N

(or of T) must be allocated to the various ranges. With one exception, a

h

particular N (or T) is allocated to the pt range if

ro-1 < N= T (or -1 <TZE rp) 3)

The one exception is an N (or T) with the value zero; such a value obvi-
ously will not be allocated to any of the histogram intervals by (3) above,

even for r = 0. These zero-valued N's (or T's) are allocated to a special

p-1

"interval" which has zero width, i.e., the "interval" extending from 0 to O.
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The test for allocation to this irterval is N= 0 (or T = 0).
At the end of the allocation process, the number of N's (or T's) which
have been allocated to each interval, (including the ''zero interval) are

counted to obtain a set of numbers (counts) c_ (p =0, 1, 2, - = = =, n),

p

which are to be printed out along with the values of p and r Note that

D
¢, is the number of N's (or T's) for which N= o (or T = o).

Also calculated and printed out are M; and M, where

.n
M1=Z cpr» Mo = i::o cp = My + ¢p %)
B P =

and Sy (or ST) where

I, J I, J
Note that M, is just the product of the number of rows specified in I and

the number of columns specified in J, while Sy (and ST) could have been ob-
tained by a separate SUM operation over I and J. A guess as to an upper

bound on Sy is 28,000,000; on S, is 1,400,000,

T

Also calculated and printed out are the mean values of N (or T) both for
inclusion of zeros and exclusion of zeros: ﬁ; is the mean value of N if
zero values are counted (likewise for E;), and Ny is the mean value of N if

they are not (1ikewiselfor El). These are calculated by

- Sy - Sn
N, =M, N = My (6)
- 5 - S
T, = M, ? Ty =14

A guess as to an upper bound on El is 500,000, although this is mnot very
likely (ﬁo is always less than ﬁl). A guess as to an (unlikely) upper bound
on‘El is 25,000, Eo is always less than El .

Since for small values of R, coupled with large values of N . or T ..,
the number of histogram intervals (and hence the number of cp's) could be
very large (resulting in much printout), it is desirable to printout only
those cp's which are non-zero. The printout format for the p's, rp's, and

cp's is a set of 3 lines, repeated as necessary (see Section 5.2).
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3.5 SUM/HIST
. This processor is a modification of HIST, in that the basic data for the

histogram is not individual N's and T's but sums of N's and sums of T's.

These.sums are taken along rows (or partial rows) or along columns (or partial
columns) of the C/F matrix, depending on whether the user specifies ''sum over
channels/formats" or "'sum over consoles,' respectively. These sums, denoted
by §; or Sj, respectively, are the data from which a histogram (either an N-
histogram or a T-histogram) is constructed, usiﬁg the techniques specified
for HIST.,
The process will be illustrated by simplified examples, based on the
assumed C/F matrix shown in Figure 1. In each element, the upper number is
N and-the lower number is T.
As in HIST, the user specifies a set of i's and a set of j's. Assume

these sets are as follows: S

I 0 - 4 (inclusive)

J; 1 -9 (inclusive)
The set of elements defined by I; and J; are enclosed by heavy lines on
Figure 1. Assume the user has specified a T-histogram and has also specified
"sum over channels/formats;' this is interpreted as sum err j's (along rows).
For each row in I, DRAP will calculate

| si--?’a_;lq:ij i=o0, 1, 2, 3, &,

i.e., it will calculate

S¢ = ;E%%ggggg Tij
and similarly-defined Sy, S;, S3, and S4.

Referring to the values of T given in Figure 1, it is seen that

S A14+40+0+04+0+ 54+ .4+ .34+0=1.3

(o]

1

Sq 240+0+ .1+ .14+40+0+ .2+ .8=1.4
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Console (i)

1’71

Pseudo-Format (j)

C/F Matrix for SUM/HIST Examples

120

0 1 2 3 |4 5 6 .| 7

= = 2 N=20 00 0 4 5 0
= = .11 T=20 00 0 S .4 0
= =3 N=1 0 |1 2 0 0 9
= = .21 T=0 0.1} .1} 0 0 .8
= =1 N=14 0|1 0 7 0 3
= .001 = ,1}1T=.7; 00 0 .81 0 4
0 1 0 0! 2 1 5 4 7
0 2 0 0 .3] .11 .4 .4 .7
1 2 1 0| 3 1 3 5 9
.3 1 .1 o .2 .2} .3 .6 .9
1 0 1 0, 2 0 10| 13 11
.2 0 0 6.2} 0 9 .9 .9
0 2 1 01 0 141 10 15
0 11 .1 0] .21 0 .81 .8 .9
0 1 3 0|1 1 12 |. 13 16
0 .3 A 010 51 .8 .9 .9
0 0 1 0 2 0 14 17 10
0 0 .1 0 .21 O 71 .9 .9
0 0 0 0] 0 0 0 0 0
0 0 0 0] 0 0 0 0 0

(J:[z’ )
Figure 1




89 = .14+ .7+0+0+0+ .8+0+ .6+ .4=2,6

li

24+ 0+0+ 34+ .1+ A4+ 4+ 24 .7=2.3

8= .14 .1+0+ .2+ .2+ .3+ .6+ .8+ .9=3.2

The numbers Sy, - = = =, S4 are the data used to construct the histo-
gram. Assume the user has specified a histogram range R of 1.0; DRAP would
then select (and printout) Sp,, from the data (the S's), resulting here in

S = 3.2, Next, this would be divided by R and rounded to the next higher

max

integer to get n:

3:2 =32 , n=4
1

Thus there will be 4 intervals on the histogram, plus the "zero interval,"
corresponding to rg, rg to ry, ry to ry, ry to r3, and rg to ry. Numerically,
_ these intervals are, respectively, 0, 0to1, 1to2, 2 to 3, and 3 to 4.

The data will then be allocated to these intervals and the number of data

falling in each interval will be counted to yield c:

p*

interval (p) data in interval p
0 none 0
1 none 0
2 - 1.3, 1.4 2
3 2.3, 2.6 2
4 3.2 1

The results (p, Ty, and cp) would be printed out in three rows:
P 0 1 2 3 4
Y 0 1 2 3 4
c 0 0 2 2 1
If more than three rows of printout result, the first row will be labeled p,
the second Tps the third Cpo and these three labels will then repeat for sub-
sequent rows, with a blank row between each set of three rows. Note that if

row 9 had been included in Il,fthe sum for that row would be zero, and
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hence there would have been a count of at least 1 for p = 0O (the "zero in-

terval). Also, note that quantities M, My, ST’AEO’ and El wo%}d be

calculated and printed out: M = cp = 5 Mgy = E cp = 5
: p=1 p=20
ST—"-— Tij = E ...Si= 10.8 T0=M0= 5 = 2.16
I Jl 11
_ §T 10.8 _ _
T1 = Ml = 5 = 2.16 M; and My (and hence Ty and TO) turned out to be
equal in this example because it happened that o = 0.

As a second example, assume the user specifies an i-set I, and a j-set J,:
1, 1 =~ 9 (inclusive) Jy 2 -4, 6 -8 (in;lusive)
The matrix elements corresponding to these sets are enclosed by heavy lines
in Figure 1.
Assume the user has specified an N-histogram, and has specified "sum over
consoles." DRAP would then sum all the N's in column 2 which also fell in
rows 1 through 9, thus producing S. for j = 2. 1In a similar manner, it would

3

produce S3, S4, Sg, Sy, and Sg. From the figure, the numerical calculations

would be:
So=1+4+4+0+1+1+1+3+1+0-=12
s3=0+0+‘0+0+0+0+0+0+0=0
S =1+1+2+3+2+1+1+2+0=13

Sg =0+ 7+5+3+ 10+ 14+ 12 + 14 +
S7=0+4+0+4+5+ 13+ 10+ 13+ 17+ 0 = 62
Sg = 1+4+3+7+6+0+2+3+0=26

Assume the user had specified a histogram range R of 5. DRAP would then

select § _ from the set of Sj's (i.e., Sg = 65), divide this by R and round

to the next higher integer to get n: 65 = 13 ’ n = 14
5
Since S . happened to be an integer, the process of rounding to the next
R .
higher integer yields the next integer, i.e., 1l4. The quotient S ., need be

K~
calculated to only one decimal place; enough histogram intervals will be pro-

vided, because of the "rounding-up' safety factor, to accommodate all data.
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Thus there will be 15 histogram intervals (n

14 plus the "zero inter-

. val’). DRAP will calculate the break-points between these intervals, thus

defining intervals:

symbolic

o

Yo
r
T2
r3
4
s
6
r7
rg

Tg

to

to

to

to

to

to

to

to

to

to

I
r)
3
T4
T5
e
r7
rg
g

rlo

*ip to T3y

rll to

12

rlz to r13

rig to
For the zero interval, an §

for all others, it is allocated to the pt

14

numeric

0

0 to5

5 to 10

10 to 15

15

20

25

30

35

40

45

50

55

60

65

to
to
to
to
to
to
to
to
to
to

to

20
25
30
35
40
45
50
55
60
65

70

. is allocated to that interval if §. = 0;

J

interval if .1 < 84 X rp. The

number allocated to each interval is counted, yielding a set of Cp which,

along with p and rp, are printed out:

P 0 1 2

3

15

4

20

0

45

10

50

11 12 13 14

55 60 65 70



The Sj allocated to p = 0 is S3, to p = 3 are S, and §,, to p = 6 is Sg, and
to p ﬁ_13 are Sy and Sg. The printout would appear as shown above, in 3 lines
labeled, respectively, p, rp and cp,

DRAP would next calculate (see Section 3.4)

=
-
[l
O
=)
H

=24+14+2=5,

>
X

SN=> > Ni.=E sj =124+ 0+ 13 + 65 + 62 + 26 = 178

iini, jind, ° Find,

sy 118
NO = MO = 6 29.667

It

_ 8y 118
N, =M, =5

35.600,
and print these out.

The M's are always integers; an upper bound for My is 500, and My is
always less than Mb. An upper bound for Sy is 28,000,000; this number is
always an integer. S, which is calculated for the first example, is not in=-
tegral, and must be accurate to the fourth decimal place (ten-thousandth of
an hour). An upper bound on Sp is 1,400,000. The N's must be calculated to
3 decimal place;. An upper bound on ﬁl is 400,000; ﬁb is alw;ys less than

Nl. An approximate upper bound on El is 25,000; Eb is always less than El'
The Sj's and Si's calculated in SUM/HIST.are integral if an N~histogram
is being calculated, with an upper bound of 480,000 on a given Sj and an
upper bound of 4,000,000 on any S;. If a T-histogram is being calculated,
the Sj's and Si's are not integral, and must be accurate to 4 decimal places;
they have upper bounds, respectively, of 180,000 and 23,000.
To summarize, the sequence of operations for SUM/HIST are
(1) The user specifies I and J, "sum over consoles' or "sum over channels/

formats," and whether he wants an N-histogram or a T-histogram. He also

specifies R. 124
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(2) DWAF calculates sums Si (if "sum over channels/fromats"'_ is speci~-
fied) or sumd Sj (if “"sum over consoles" is specified). These are sumg of
N's if an N-histogram is specified and they are sums of T's if a T-histogram
is specifieds

(3) DRAP finds 83 max (or SjmaX’ as the case may be) and divides this
number by R, rounding to the next higher integer to obtain n, the number of
non-zero-width histogram intervals. A zero-width "interval' is always added
to the set +f intervals, the complete set is identified byp=20, 1, 2, - -
- -, .

(4) ~=he end-points of the intervals are calculated.

(5) she Sj's (or S;'s, as the case may be) are allocated to the inter-
vals, using an equality test to allocate for p = 0 and an.inequality to
allocate W P % 0,

(6) ke number of sums allocated to the intervals are counted to ob-
tain a set ¢f counts Cp

(7) Yumbers My and My are calculated.

(8) :x number SN (or Ss as the case may be) is calculated by summing
the Sj's @mﬂsi's, as the case may be).

(9) Yumbers ﬁb and ﬁl are calculated, using Sy and M or My (or Eb
and‘El are calculated, using ST and Mb or Ml’ as Fhe case may be).

(10) the values of p,¥p&c_ are printed out, as are Spax and the num-

P
bers founc in (7) through (9) above. In addition, the I and J specified
by the use 1s printed out.

Note that the value of R specified by the user may vary from 1 to 500

for an N-listogram and from .1 to 360 for a T-~histogram,
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4. Information Supplied on User Cards

The user of DRAP 6, Part II, must supply, on a suitable form, informa-
tion which is punched into cards (user cards) for input along with the tape
produced in Part I.

The user must specify which of the five Part II pfocessors are to
operate (if any of these are to operate more than once, he must make multiple
specifications). For each specification of a processor, the user must specii®w
the data-set (I and J) to be used for that particular operation of the pro-
cessor. In addition to the name of the processor and the data-set, various
parameters of the calculation must be specified, the particular parameters
and their allowable values being dependent on which processor is being used.

Below are shown the data required from the user for each of the pro-

cessors, together with allowable values or choices, where appropriate.

Name Data Set Other Specifications/Choices
LIST | Iand J By console or by channel/format
SUM IandJ

LIST/SUM I and J By console or by channel/format
HIST I and J N-histogram or T-histogram

R (from 1 to 500 for N-histogram, from 0.01 to
36.0 for T-histogram)
SUM/HIST I and J N-histogram or T-histogram
sum over channels/formats or sum over consoles
R (from 1 to 500 for N-histogram, from 0.1 to ,
360 for T-histogram)
The data set will be specified separately for I and J, giving in each
case the (included) end-points of one or more continuous sequences of values
of i (or j). For example, an i-set might be specified by

I 00 — 03, 08 — 08, 40 — 50,
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implying consoles 00 to 03 (inclusive), console 08, and consoles 40 to 50
(g;clusive). Thus a total of 16 consoles would have been specified, in
terms of their decimal addresseé.

' To continue the example, a j~set might be specified by

J 001 ~ 042, 131 - 178, 272 — 272,

implying pseudo=format numbers (values of j) 001 through 042 (inclusive),
131 through 178 (inclusive), and 272. Dependiﬁg on the user assigmment of
these j's to non-D/TV channels and/or display formats (as identified by MSK
number) these j's might represent VSM input chamnels 29 through 70, formats
0602 through 0773 (the EECOM formats for GT-8; not a continuous sequence of
numbers, note), and format 1450 (the Recovery and Weather format for GT-8).
"Thus a total of 42 channels and 49 forﬁats would have been specified.

It can be seen from the foregoing table that a LIST operation can be
specified in either of two different ways, a SUM operation in only one way,

-a LIST/SUM operation in one of two ways, a HIST operation in ome of two ways,

and a SUM/HIST operation in one of four ways, not counting the various possi-

ble combinations of values for I, J, and R.

It is suggested that the forms ﬁrovided the user for.specifying his
choices be in the nature of a separate page(s) for éach operation, i.e., that
there be a page format set up for LIST, a different one for SUM, one for
LIST/SUM, etc. It is further suggested that the user be able to make any
binary choices (such as between 'by console'" and 'by channel/format!) by plac-
ing a check mark in one of two labeled boxes. By way of illustration, the
page format for SUM/HIST might be arranged as shown on the last page of this
section; this format includes both boxes to be checked and blanks to be filled
in. Provision should be made for the user to make multiple specifications

for each processor, as shown for SUM/HIST.
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From

To

From

To

" SUM/HIST

Sum Over
(Check One) "

Type Histo-
gram (Check
One)

Value of R (Specify
one value, Use range
of values correspond-
ing to box checked in
previous columa)

\[:]_Channels/formats

[:] Consoles

[:]Channels/formats

[:]Consoles

[:]Channels/formats

[:}Consoles

[:]Channels/formhts

[:JConsoles
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(x

(1 to 500)

(0.1 to 360.0)

(1 to 500)

(0.1 to 360.0)

(1 to 500)

(0.1 to 360.0)

(1 to 500)

re———————r—

(0.1 to 360.0)



5. Suggested Report Format

5.1 Header Information

The data to be filled in (in underlined blank spaces) was either speci-~
fied by the user for Part I or calculated by Part I; all of it was input to
Part II as part of the data on the métrix tape.

DATA RETRiEVAL AND ANALYSIS PROGRAM (DRAP)

DRAP MODULE 6 REPORT - GENERALIZED CONSOLE/FORMAT
ANALYSIS., PART II - CONSOLE/FORMAT USAGE DATA.

MISSION GMTS GMTF

T, ANALYSIS TIME Ny, D/TV CHANNELS

USER ASSIGNMENT OF PSEUDO-FORMAT NUMBERS

CHANNEL OR FORMAT J.

5.2 Summary Data

Specific examples of print format are given for each processor, in
Section 3, Below, a sample of printout is given for each processor, using
symbolic abbreviations. Note that the symbols I and J represent, in each
case, sets of number-pairs; these sets may be quite extensive. Where binary
choices have bgen made by the user, (se=2 Section 4) one of the alternatives

is shown, with the other alternative in parentheses; only the chosen one is
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actually printed, of course. The format below assumes that each processor

was specified once, but any set of the processors may be specified, each
one any number of times. Hence the printout may have many repetitions of

each processor (there might be 20 sections labeled HIST, e.g., with a full
set of data for each). The number of lines needed to print the data for any
particular specified operation will vary over a wide range. Note that part

of the data to be printed below is specified by theluser of Part II (name of
processor, I, J, R, N or T, BY CON or BY CHAN/FORM, SUM OVER CHAN/FORMAT or

SUM OVER CON); the rest is calculated data. The symbol “jc" represents a

value of j which has been converted to a channel number or a format number
via the table giving the user assignment of pseudo-format numbers. The sym-
bol "i" represents a console decimal address, 'N" represents a value of N,

WY g value of T, etec.

LIST I s s

P

J 3 3

'BY CON (BY CHAN/FORM)
CON Jes N, T

e

CON Js N, T ===
etc.

(CHAN ____
(FORM ____

etc,

SUM I , A

- s m W wm o e =

J ] 2

S1J

OBSERVATIONS

ULJ

HOURS UPTIME

130



HIST I (as above)

J (H 1t )

N (T) HISTOGRAM

R
Ml MO0
SN OBS (ST HRS)
NO 0BS  (TO HRS)
NI 0BS  (T1 HRS)
P 0 1 2 3 b = = - = -
RP 0 ry T, Ty LA
Ccp co ¢y cy Ccq Cpm = = = - -
LIST/SUM I  (as above)
I ")
BY CON (BY CHAN/FORM)
CON __ TOTAL N ___ OBS TOTAL T _ HRS
e Je Je P
(CEAN ___ TOTAL N ___OBS  TOTAL T HRS
i i i i - - )
(FORM _____ TOTAL N ____ OBS TOTAL T _*- HRS
i i i i e e - - - )
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SUM/HIST I (as above)
- J (u 1 )
N  (T) HISTOGRAM

SUM OVR CHAN/FORM (SUM OVR CON)

SMAX QBS (HRS)

Ml - MO

SN 0BS (st HRS)

NO oBS (TO HRS)

NL 0BS (ﬁ HRS)

P 0 1 2 e e e -~ n

RP 0 r1 r2 ------ rn
cp co cq Cy = = = == =Cy

Yo U

G. B. Hawthorne, Jr.
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MITRE

A-01

J. L.

B-10

McLucas

G. Mason

D-01

.

»

»

neorrry

.

A. C.
v
R
W.
R.
F.
D

.

D~02

Rayle

D. Campbell
Everett
Farr
Israel
Jacobs

Lee

. Soukup

. Zraket

Kirshner

McVicar
Degan

/Houston

ﬂhtﬂp.mi!’d?d’d

.

=05
R.
I.
S.
J.
B.
S.
S,
B,

D-056
0. T,
J. H.

D~07
J. H,

Bennie
Buckley
Goldstein
Hauser, Jr.
Hawthorne, Jr.
Herndon
Quilty
Woodward

Halley, Jr.
Monahan

Burrows

DISTRIBUTION LIST

D-08
¥. R. Naka

R, Jeffery
. W. Lazur

D=50
E. F. Lockwood

D~51

-D. Goldenberg

S. E. Rose

D-53
G. Strasser

D=55
J. Poor

D-71
J. Terzian

D-91

L. Billig

E-01
R. J. Monahan
P, J. Sturm
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NASA

D. F.
H. E.
Ea

r

.

-

»

.

.
.

[@ I B TR R o R SR o B o)
WCEENNoRE>H

Bruce = BG6
Clements =~ FS
Driver - FS

Dunseith « FS

Fielder - FAL
Frere = FS
Gross = F83
Hodge = FC
McCown - FS2
Owen = FC

Satterfield - FS2 (5)

Sullivan - FS2



